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Failure of Self-Inhibition in Tumors 


S. Mery Rose, Department of Zoology, University of 
Illinois, Urbana, Illinois 


Theoretical Considerations 


A theory of cellular differentiation, worked out a few years ago, indicated 
that a certain type of change would lead to neoplasia (1). If this change is 
the event leading to neoplasia, a hitherto untried method of control is 
also indicated. 

The part of the theory which concerns us now is that like inhibits like 
by producing specific inhibitors. Evidence that this is a basic biological 
phenomenon has been found at the species, individual, and organ levels (2). 
Each type of cell can be thought of as producing specific building products 
in a reaction, S + A = SA, where S stands for substrates, A for a partic- 
ular gene, and SA for a specific product. As the reaction is written, SA 
would be an inhibitor by virtue of the mass-action relationship. A somatic 
mutation of A to A’ would change the reaction so that S + A’ @ SA’. 
SA, the product of the normal parent tissue, would be expected to be a 
less effective inhibitor of the new reaction. The new type of cell would be 
free to grow until the concentration of SA’ reached the equilibrium level. 
If the new type of cell and its descendants lived as long as normal cells and 
if SA’ were reasonably stable, one would expect the new tissue to stop in- 
creasing in mass and it would be a benign tumor. However, if the descend- 
ants of the mutant cell were so inviable that the growth rate of the new 
tissue only slightly exceeded the death rate of the cells, there would be a 
malignant tissue which, without ever achieving mass to produce a growth- 
limiting concentration of inhibitor, might grow through much tissue. 

Anything that changed A to another form and thereby, or at the same 
time, reduced the viability of the cell would be inducing a malignant tissue. 
It is unnecessary that the reduction in viability and the change in cell type 
be simultaneous or even induced by the same agent. The various types of 
agents which are known to induce cancer are, according to this theory, 
having their effect on a gene-controlled, tissue-specific reaction. Chemical 
and physical carcinogens are believed to act more or less directly on genes 
in somatic cells. Inherited cancer, as in those inbred lines of mice where 
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practically 100 percent of the individuals of a certain age are affected, is 
believed to have resulted from the addition to the inherited reactions of an 
aberrant tissue-specific one. Viruses, known to substitute for genes or to 
take a place in linkage groups in some cases (3-7), are also thought of as 
inducing cancer when they change tissue-specific reactions and reduce 
viability. Whatever the internal or external causes they are all believed 
to affect tissue-specific reactions leading to the production of aberrant 
products. 


Necrosis and Regeneration 


The correlation between malignancy and low viability of cells is generally 
observed. Cowdry (8) summarizes the evidence and writes: ‘‘“Examina- 
tion of malignant tumors in which there is a greater proportion of dividing 
to nondividing cells than is found in their tissues of origin where almost all 
of the cells are differentiated and serve some special function, certainly 
gives the impression that the total length of life of malignant cells is 
shorter than that of their normal prototypes.”’ Necrotic areas are common 
in tumors, and in the words of Willis (9), “. . . indeed, with many fatal 
malignant growths, the total mass of tumour tissue in the body at the 
time of death amounts to only a few ounces.” 

Contrary to what one might expect, cultures in vitro of tumor cells in- 
crease in size more slowly than cultures of their normal prototypes. Carrel 
(10) was able to generalize after in vitro studies of a variety of tumors: 
“Tn every case, the cells were less active than normal cells of the same type 
and died prematurely.” Carrel was also the first to suggest that cancers 
grow because of excessive cell death and release of stimulating substances. 
Fischer and Parker (11) and Fischer (12), continuing with observations 
of tissue cultures, also demonstrated that the reason for slow growth of 
tumor cultures is the high death rate of the cells. Cultures of neoplastic 
tissue exhibit higher mitotic rates than cultures of similar normal tissue 
but increase in size more slowly. For every few steps forward there is one 
backward. Fischer also made the suggestion that the death of cells might 
be the cause of never-ending growth. He knew from his own work and 
that of Ephrussi (73) that cultures of normal tissue, which had reached, or 
were close to maximum size for the particular cultural conditions, would 
regenerate parts cut away. Removal of a central portion, where mitoses 
are not found, was compensated for by migration of cells into the central 
space and by cell division and growth in a ring around the decreasing space. 
On the other hand, a culture of tumor tissue did not have to be cut to 
regenerate. Constant death of some cells provided the condition of a 
never-healing wound. At that time the emphasis was on wound hormones, 
and tumors were thought to maintain a self-stimulation of growth as wound 
hormones were released from the perpetual supply of dying cells. 

There are recent experiments involving culture of tumor cells which 
give no evidence of decreased viability of those cells. Even without using 
“irradiated “feeder” cells, it has been demonstrated by Puck, Marcus, and 
Cieciura (14), with their improved culture methods, that 100 percent of 
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HeLa cells, derived from a human cervical carcinoma, is capable of pro- 
ducing colonies. This seems to conflict with the theory developed in 
this article. However, the conditions of the culture technique, including 
inoculation with pure lines of dispersed cells, may be so different from 
those which obtain in organisms or even in cultures started with pieces of 
tissue, as those of Carrel, Fischer, and Ephrussi were, that one could not 
expect the cells to exhibit the same properties. A statement of our 
knowledge at this point might be that decreased viability of tumor cells 
seems to be a mutant characteristic that obtains in an organism but does 
not obtain in those cultures where cells are all of one type and dispersed. 
If this be true, the suggestion can be made that the neoplastic charac- 
teristic of inviability is relative, being exhibited only by cells in mixed 
populations and not in well-nurtured, dispersely seeded cultures. What 
is implied here is that modern culture conditions may have gotten better 
than the conditions inside an organism with a tumor—so good that neo- 
plastic cells which would exhibit a death rate higher than normal in vivo 
are now all able to produce colonies in vitro. However, these cultures, 
like other cultures, would be expected to be self-limiting and to show ap- 
preciable numbers of dead cells as the cultures aged. The important 
unanswered question is whether HeLa cells would be less viable than 
normal cervical epithelial cells in vivo. 


Although we know, as Carrel and Fischer knew, that disrupted cells 
release substances which stimulate growth, we also know that growth is 
limited by specific products, the evidence for which is reviewed. Con- 
stant cell death keeps the inhibitor-producing population low and the 
remaining cells are free to grow. A wound is important in stimulating 
growth only if a part is removed. For example, if two cuts are made 
across a round culture in such a way that the cuts simply delineate an 
equatorial band, there will be no regeneration. If in addition to cutting 
the band is removed, the lost part is regenerated (12). The tissue culture 
behaves like an organism. In both, absence of a part is necessary for 
continued growth of the remainder. Wounding per se has very little 
effect. 


When the neoplastic change is followed in vitro, two kinds of change are 
always apparent, a change in morphology and a decrease in viability (16, 
16). The change in cell type and the decreased viability seem to be 
general phenomena associated with cancer and may be necessary con- 
ditions for it. 


Growth Regulation by Self-Inhibition 


The idea that specific inhibition is a key process in differentiation and 
growth control was first clearly stated for plants by McCallum (17). Ad- 
ditional evidence for this point of view has been reviewed (18). In recent 
years, evidence has been accumulating which has led several students of 
development in animals to suggest specific inhibition again as a major 
control factor during differentiation and growth (2). Pertinent evidence 
comes from studies on regenerating flatworms (19), a hydroid (20), frog 
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embryos (21), and chick embryos (22). In each case, either a brei or 
culture fluid from a particular organ has been shown to inhibit the develop- 
ment of that organ while not inhibiting the development of other organs. 
In addition, fluid from eyes with lenses repeatedly injected into lensless 
eyes of a salamander prevents regeneration of lens (23). The important 
work of Lenicque (22) with the chick is most encouraging because he has 
been able to go further and show that whereas a nucleoprotein extract of 
the organs tested stimulates growth and differentiation generally, a pro- 
tein extract inhibits development specifically. 

It should be noted, however, that substances other than proteins can 
be active in other types of self-inhibition. Padoa (24) demonstrated that 
tadpoles grown in high concentrations of female steroid hormone aii be- 
came male. This occurred only at high concentrations; lower con- 
centrations have the opposite effect. Other nonprotein self-inhibitors 
are noted. 

One of these is cinnamic acid produced in large quantity by the guayule 
plant. Inhibition of guayule by this product appears to be quite selective. 
Tomato plants were found to be at least a hundred times less sensitive to 
cinnamic acid (25). 

Modern growth-control studies in adult animals have also exposed 
self-regulation as a major control factor. Fact and theory have grown to 
the point where mechanisms involving autoantibodies (26), antitem- 
plates (27-29), and specifically inhibitory products (/, 30) have been 
suggested. Braun’s (30) suggestion is well founded on his studies, which 
indicate that an amino acid, when an end product of bacterial metabo- 
lism, may act as a selective inhibitor. As the concentration of amino 
acid increases, the growth of the type of bacterium which produces it 
stops; this type is replaced by a mutant that produces less of the amino 
acid and growth is stopped only by higher concentrations. 

A modern direct approach to the problem of growth control at the 
organ level became possible when Bucher, Scott, and Aub (31) demon- 
strated that, in parabiosed rats, removal of part of the liver of one caused 
the livers of both to grow. This suggested a blood-borne regulator, 
either a stimulator or inhibitor. It has since been demonstrated by 
Saetren (32), in rats, that a brei of liver will suppress liver regeneration 
and that a brei of kidney will suppress growth of kidney after kidney 
has been partially removed. The action is specific with no cross inhibi- 
tion between kidney and liver and no suppressive action on kidney 
by brei from a variety of other organs. It seems very likely that each 
organ produces substances which specifically limit its growth. 

There is hope that tumors may be regulated in this way. Some are 
known to reach a state in which neither a primary tumor nor its metastases 
are growing rapidly, but after removal of the primary tumor metastases 
grow very rapidly. Mutual control by inhibitory blood-borne regulators 
seems possible in these cases. It is also possible in C3H mammary tumors 
where the final tumor mass is independent of the number of loci and 
where removal of some loci enables others to grow (33). 
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Mutual Regulation Coupled with Self-Regulation 


The discussion so far has been of simple self-regulators. There are also 
the well-known cases of control involving two organs. It is clearly estab- 
lished that trophic hormones of the hypophysis are necessary for the 
normal function of other endocrines. It is quite generally believed that 
as the hormones of a variety of endocrines vary in amount the specific 
trophic hormones of the hypophysis vary in inverse fashion and thus 
maintain homeostasis. Self-regulation of endocrine organs may also play 
a role. Heller and Jungck (34) demonstrated that small injections of 
estradiol benzoate, in the physiological range, suppress ovarian growth. 
The usual interpretation is that an increase in estrogen causes a decrease 
in gonadotrophin production in the hypophysis. However, in this case 
there was an increase in gonadotrophin. According to Heller and Jungck, 
the increase in gonadotrophin may be due not to increased production 
but to decreased use by the atrophied ovaries. The explanation suggested 
by Heller and Jungck is that the ovary requires gonadotrophin but, given 
that, control of growth is self-control with a high level of estrogen directly 
reducing ovarian function and growth. Possibly the levels of both gon- 
adotrophin and estrogen are important in regulation of growth within 
the ovary. 

In a similar vein, Galli-Mainini (35) demonstrated that whereas the 
thyrotrophic hormone stimulates O, uptake by thyroid slices, thyroglob- 
ulin inhibits it. This occurs in vitro in the absence of hypophysis and is 
therefore self-inhibition. Further, Padoa (24) has demonstrated that 
high concentrations of estradiol, estrone, and progesterone, all female 
hormones, can suppress development of the female portions of tadpole 
gonads and thereby transform them to testes. Lower concentrations, in 
general, have the reverse effect. It also appears that testosterone pro- 
pionate may inhibit testicular development and thereby have a feminizing 
action in a salamander (36). In all four cases cited, high hormone 
levels have been shown to inhibit the homologous gland. In two, there 
is evidence that part of the control is direct self-control. 

Tumorous but nonautonomous overgrowths have been produced in a 
variety of endocrines by interfering with their function (37). For ex- 
ample, a steady diet of thiouracil prevents the production of thyroid 
hormone and tumors of the thyroid appear. These are not autonomous, 
but can be transplanted to other animals where they will take and grow, 
provided the host is also treated with thiouracil (38). Continued growth 
could result from failure of production of thyroid hormone and conse- 
quent failure of direct feedback control of the thyroid, failure of indirect 
control by way of the hypophysis and thyrotrophic hormone, or failure 
of both. Such growths can become autonomous after being transplanted 
to, and carried by, a number of hosts. Morris and Green (39) found 
some thyroid tumor transplants had become autonomous and no longer 
required low thyroid-hormone level for their maintenance after nine trans- 
plant generations. Aside from the fact that the neoplastic change may 
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have resulted from the transplantations, known in many cases to increase 
anaplasia, rather than from the hormonal imbalance, there is finally a 
truly autonomous neoplasm. It can grow in a normal host not suffering 
from hormonal imbalance. It is not inhibited by normal amounts of 
thyroid hormone nor does it require large amounts of thyrotrophic 
hormone. 

Similarly, nonautonomous ovarian tumors arise when an ovary of a 
castrate animal is transplanted to a site drained by a vein of the hepatic 
portal system (37, 40). The liver in this case inactivates the estrogen. 
Again, whether the growth results from direct or indirect feedback in- 
volving the hypophysis, or from both, seems to be a question. But 
whatever the mechanism, here, too, an autonomous neoplasm may arise 
after transplantation through a series of castrate hosts. 

According to the thesis of this paper, true neoplasia does not begin in 
cases of hormonal imbalance and transplantation until a change leading 
to autonomy occurs. In the transplanted ovary there would not be a 
neoplasm until the tissue not only no longer required excess gonadotrophin 
but also was not suppressed by normal amounts of estrogen. This could 
possibly be accomplished most simply by a single mutation making inef- 
fective an enzyme involved in a chain of reactions in which gonadotrophin 
is a substrate and estrogen a product. This change, like other changes 
leading to true neoplasia, would have to decrease the viability of the 
cells or be associated with another change which did. 


Specific Growth Regulation Requiring Cellular Contacts 


There is some evidence that not all control of growth and differentiation 
is by way of inhibitors operating through the fluid medium surrounding 
cells. In some cases the regulators pass from cell to cell and in one 
direction only. In the plants, indole acetic acid produced by the apex 
passes only to the base, even before the vascular system has formed, 
and inhibits the growth of other apices along the way (18, 41). In the 
hydroid, Tubularia, there also seems to be one-way control of growth 
and differentiation involving cellular contact. If two distal parts are 
combined, the more posterior one is suppressed. Similarly, if two 
proximal parts are combined, the more posterior is suppressed. The 
action is specific, with distal and proximal not suppressing each other (42). 

Polarized effects during growth and differentiation seem to be quite 
general. Even in the relatively simple system of a group of fibroblasts 
growing on a plasma clot, polar effects are noted (12, 13). Cell divisions 
only occur in a peripheral zone. This is true even in a freshly planted 
culture before substrates could have undergone significantly greater reduc- 
tion around the central cells and before wastes had accumulated in 
growth-limiting concentrations. There appears to be a control of the 
peripheral part over the central by transmission dependent on contact. 
In cultures of tumor cells where scattered deaths destroy cellular con- 
tinuity and tissue integrity, cell divisions are not confined to the periphery 
but occur even in central regions (12). According to the current theo-y 
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this results from the failure of dead cells to transmit inhibitors. However, 
this could equally well be a case of electrical regulation (43-45). 

When cultures are made from large numbers of dispersed cells that 
give rise to large numbers of dispersed colonies, growth is limited before 
large individual colonies can be formed. Instead, growth stops when a 
certain number of cells has been produced in the culture chamber. This 
limiting number is independent of the number of cells used as an inoculum 
(46). The limit is set by the size of the container, the concentration of 
substrates, and by the accumulation of metabolites. Cultures arising 
from many dispersed cells, although never producing large colonies in 
which polarized inhibition might be expressed, are, nevertheless, limited 
by their products and cease growth prematurely if the products are not 
washed away. 

Polarized controls are well known in plants and disruption of them, 
according to Biinning (18), would be a sufficient cause of tumor growth. 
How different blood-borne and cell-to-cell controls are is a question for 
the future. Although cell-to-cell controls may be more common, our 
present concern is that there are two bits of evidence mentioned which 
suggest the possibility of blood-borne control of tumors. 


The Osgood Theory 


Another theory of cancer based on specific inhibition has been proposed 
by Osgood (47). Even though the two theories have this similarity 
they are fundamentally different. The Osgood theory is based on three 
major premises. The first two are that growth is regulated by specific. 


inhibitors and that they are produced by the more mature cells of a tissue. 
Consequently, if a somatic mutation or a series of mutations occurred, 
causing early death and thus limiting enzymatic maturity, there might 
arise a population without elders to exercise control. Since, according 
to the Osgood theory, a mutant cell would be controlled by the products 
of the normal parent tissue, it is necessary that the cell be shielded from 
these. Shielding would be necessary at least during the early stages of 
cancerogenesis until the juvenile type had become dominant. That 
the cells be shielded is the third premise. The difference between the 
theories is fundamental. One is based on a changed cell whose growth 
reactions are sufficiently different from the normal so that the normal 
inhibitors are ineffective. The other is based on mutant cells, which 
are sensitive to normal inhibitor but shielded from it until their de- 
scendants replace the riormal cells producing inhibitor. 

The first two premises of the Osgood theory are closely bound to 
observations on blood. It is a question, however, whether the cells of 
malignant tumors, in general, resemble early stages of development of 
their parent tissues and whether a tissue to be malignant has to replace 
its parent tissue. The nature of the shielding in the Osgood theory is 
also a problem, and it, in itself, without the other two premises might 
more economically be the basis of the theory. Both theories are based 
on much information and may be tested experimentally. Using one as 
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a hypothesis, the normal parent tissue would be searched for inhibitors 
and, using the other, the neoplasm itself would be searched. 


Relationships Between Current Theories 


The theory of cancer suggested here, and indeed all genetic theories, 
seems to run counter to the hypothesis on which much modern cancer 
research is based. The common hypothesis is that there is a biochemical 
similarity between tumors that should enable one to devise a selective 
treatment for them which would be relatively innocuous to normal tissues. 
Against this hope is the fact that, in general, carcinogens are mutagens. 
Since unselected mutations produce divergent types, the similarity which 
makes the generic group, cancer, is probably not one on the physical 
level but rather at the abstract. It is suggested here that the similarity 
in all types of cancer is a difference between the neoplasm and the normal 
parent tissue such that the self-limiting mechanism of the parent tissue 
is ineffective against the derived tissue. If one believes this, a search for 
a common metabolic deviation in tumors would seem unnecessary. Yet 
there seem to be common biochemical properties of tumors. 

In apparent contrast to the point of view that the common feature 
of tumors is their difference from parent tissues is the well-documented 
Greenstein thesis (48) that tumors from different sources resemble each 
other enzymatically. This occurs as the normal tissues lose their specific 
normal differences observed as patterns of enzyme activities. Such loss 
would certainly lead to enzymatic similarity, but it is a similarity based 
on loss of known normal reactions. Such studies are predetermined, 
because they cannot show new qualitative differences, to make neo- 
plasms seem more alike than they may be. The purely enzymatic 
methods of study so far employed are such that new nucleic acids or 
proteins, for example, would have gone undetected. These may be 
very important. 

Lavik, Moore, Rusch, and Baumann (49), after studying the effects of 
addition of carcinogens, suggested that carcinogenesis is essentially an 
accumulation of abnormal self-perpetuating protein within the cell. 
Potter (50) extended the idea and suggested that the abnormal protein 
might be a ribonucleoprotein replacing a respiratory enzyme. Presence 
of abnormal nucleoprotein has been demonstrated in some of the agent 
or virus tumors and may be assumed in the others (3, 7, 51, 62). Kidd 
(53) had demonstrated two proteins, each of which seems characteristic 
of a particular tumor, and one has not been demonstrated to be an agent 
tumor. The Bence-Jones proteins of the myeloid leukemias may also 
be such abnormal proteins. A difference between the nucleoproteins 
of thyoma lymphocytes and normal thymus lymphocytes has been 
described (64). Finally, the recent work of Zilber (65) demonstrates 
that hepatoma tissue of C3HA mice contains an antigen not in normal 
C3HA liver. As time goes on it seems more and more likely that, as 
suggested by Lavik, Moore, Rusch, and Baumann in 1942 (49), carcino- 
genesis involves an accumulation of abnormal self-perpetuating protein. 
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On the whole, however, the proteins of tumors remain uncharacterized. 
Serum proteins of cancer-bearing hosts have been studied extensively 
and numerous abnormalities have been found. Since we do not know 
in most cases what organs contribute which proteins to the serum, we 
do not know whether abnormal proteins are added by tumors or whether 
the changes noted are, in all cases, reactions to the tumors (7, 56). 

Another essential similarity between tumors is indicated by the War- 
burg (57, 58) generalization. Accompanying neoplasia, there is an increase 
in the ratio of fermentation to oxidative metabolism. Warburg believes 
this is the fundamental event in carcinogenesis and that it is due to an 
injury to the mitochondria—the bearers of the enzymes necessary for 
oxidative phosphorylation. The relationship between the mitochondria, 
the smaller RNA particles of cytoplasm, and the similar RNA particles 
which act as tumor agents (3) is not yet clear. It is apparent, however, 
that one of the tumor agents, Rous sarcoma I, confers both malignancy 
and fermentation potential upon cells which produce it (69). There is 
another aspect of the activity of the smaller granules which may be as 
important as the fact that the larger granules have been changed with 
respect to their ability to take part in respiration. 

An important feature of tumor agents is that they are differentiation 
agents as well. Murphy (60) pointed out that a tumor agent not only 
carries with it the ability to make host cells grow at an abnormal rate 
but also it may cause them to transform to another kind of tissue, albeit 
abnormal. In the very early studies of the tumor agent, the Rous group 
had three morphologically different tumors, and the agent from each 
induced a reproduction of the tumor from which it had been taken. 
For example, an agent from a chondro-osteosarcoma caused cells in 
young muscle to grow and produce the abnormal cartilage and bone of 
this particular type of tumor. Two things are important for the present 
theory. There is an agent which carries with it the information neces- 
sary to induce cartilage and bone, but it is a mutant agent in the sense 
that it induces abnormal cartilage and bone. 

Although there are enzymatic and respiratory similarities, apparently 
based on loss, these seem to be associated with the gain of self-perpetu- 
ating abnormalities as indicated by abnormal proteins and abnormal 
morphogenesis. It cannot be said that the changes in morphogenesis 
are in the nature of what the student of normal regeneration would call 
dedifferentiations. 'Tumors in general in no way resemble young stages 
of the normal parent tissue from which they arose. Furthermore, tumor 
tissue and embryonic tissue differ significantly in the fact that embryonic 
tissue shows the ability to differentiate along a variety of normal pathways, 
whereas a tumor tissue is limited to its own peculiar pathway. Attempts 
to change tumor tissue to normal tissue have failed (61-63). There is 
one exception to this. Braun (64) has shown that a plant tumor tissue 
can revert to normal when it is grown under certain conditions. He 
believes that the particles determining the abnormal cell type are out- 
grown and replaced by normal particles during rapid growth. The 
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model for this type of change in differentiation is to be found in Sonne- 
born’s (65) work. Even the exception adds to the evidence that some 
tumor cells are different from normal by the addition of something new. 
It is obvious in those cases where tumor agents have been demonstrated. 
This is important to us here because it increases the probability of finding 
aberrant products that might be used to limit the reactions producing 
them without appreciably affecting normal tissue. 

Abnormal specific reactions involved in differentiation, respiratory, and 
other enzymatic changes may be associated phenomena in carcinogenesis 
just because structures such as nuclei, endoplasmic reticulum, and mito- 
chondria carry on associated activities. It is conceivable that any one 
of the types of enzymatic changes noted in tumors could be exploited 
in limiting their growth. Emphasis here has been placed on the possi- 
bility of self-limitation because recent work indicates that self-limitation 
may be a universal biological phenomenon. 


Summary 


Evidence has been presented indicating that malignant tumors may 
fail in self-limitation because excessive cell death prevents them from 
achieving limiting concentrations. Other evidence indicates that some 
tumors produce aberrant products. As evidence begins to appear indi- 
cating that self-limitation may in general result from the accumulation 
of specific products, possibly the failures of malignant tumors to achieve 


self-limitation because of excessive deaths could be compensated for 
by the addition of sufficient quantities of their aberrant products. 
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Study of Environmental Factors in 


Cancer of the Respiratory Tract in 
Cuba"? 


Ernest L. Wynper, M.D., ANtontio NAVARRETE, 
M.D., Gonzato E. Arostecur, M.D., and Juan 
L. LuamBes, M.D., Section of Epidemiology, Division 
of Preventive Medicine, Sloan-Kettering Institute, 
New York, New York 


Recent epidemiological studies have focused attention on the role of 
environment in the development of certain types of cancer in man. In 
this respect, it is pertinent to study diseases that are either relatively 
common or uncommon in any given area. Thus, it was of interest to 
study cancer of the respiratory tract in Cuba because of its high relative 
frequency in that country. 


Methodology 


This study was conducted at the Curie and Instituto del Radium Hos- 
pitals in Havana where, between May, 1956, and April, 1957, male 


and female patients with cancer of the respiratory tract, and others who 
served as controls, were interviewed. The interviews, conducted by 
Srta. A. Cambo and Sra. C. Galindo, were designed to supply background 
data on education, religion, and residence, and contained detailed questions 
on tobacco and alcohol consumption. 

When the interviews were completed, the cases were matched for age. 
Since only clinic patients were included in the study, there was an intrinsic 
matching for socio-economic status. The compilation and analyses of 
these data were carried out by Miss Nancy Routt and Mrs. Rivkah 
Feldman, under the direction of Dr. Irwin Bross. 


Results 


Frequency of respiratory-tract cancer in Cuba.— Since incidence data are 
not available in Cuba, we must rely on frequency data. We have analyzed 
the types of cancer in patients admitted to the Curie and Instituto del 
Radium Hospitals in Havana for 1935, 1945, and 1955 (tables 1 and 2). 
These data show a similar trend for both sexes—a small decrease in the 
frequency of oral cavity and larynx cancer and a steady increase in the 
frequency distribution of lung cancer. Among males, in 1935, lung cancer 
accounted for 3.1 percent; in 1945, 12.4 percent; and in 1955, 19.1 percent 


! Received for publication August 7, 1957. 


? This study has been made, with especial reference to Cuban tobacco, under the auspices of the Cuban League 
Against Cancer, Havana, Cuba, and the Sloan-Kettering Institute, New York, N. Y. 
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TaBLeE 1.—Percentage distribution of male cancer cases at Curie and Radium Hospitals, 
Havana, 1935-55 
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of all cancer admissions. The respective percentages for females are 0.7, 
4.1, and 7.5. As in Western countries, the Cuban data show a relative 
stability of the relative frequency of oral-cavity and larynx cancer, and 
a sharp increase in the frequency of cancer of the lung. 

Number of cases.—The study is based on 1,072 interviews, and includes 
399 males and 107 females with oral cavity, larynx, and lung cancer; the 
remainder were controls (table 3). The over-all sex ratio of the cases 
shows a male preponderance of 4:1. Some of the controls were eliminated 
without being matched because of a younger age distribution in this group. 
Thus, for the actual analysis, the patients studied were compared to 220 
male and 214 female control patients. 

All of the diagnoses of the study cases have had histological confirmation 
as epidermoid cancers, except for lung-cancer cases in which the diagnosis 
of 80 percent of them is based on cytology. Clinically, all the lung-cancer 
cases were considered to be primary lesions. Among the males with cancer 
of the larynx, in 40 percent the vocal cords were affected, in 24 percent 
the extrinsic larynx, and in 35 percent the specific site of origin could not 
be determined. The respective percentages for females are 31, 32, and 
38 percent. 

Background data.—Ninety-seven percent of the male study cases and 
98 percent of the male controls were Roman Catholic. The respective 


TABLE 2.—Percentage distribution of female cancer cases at Curie and Radium Hospitals, 
Havana, 1935-565 
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figures for the females were 93 and 98 percent. In view of the fact that this 
study is based almost entirely on nonpaying patients, it is not surprising 
that the majority of both study and control cases had little education. 
Of the study cases, 21 percent had no education and 77 percent went only 
through grammar school. The respective percentages for the controls 
were 24 and 76 percent. Among the females, 24 percent had no education 
and 71 percent attended grammar school. The respective percentages for 
the controls were 27 and 71 percent. 

We have analyzed the residency of the male study and control cases 
both as to where the patient lived before the age of 21 and in his adult life. 
The data show no significant differences. Between one third and one half 
of all the different groups came from a large city, most from Havana; 


TABLE 3.—Number of cases interviewed—cancer site and sex 


Female | Percent male 


a similar number came from smaller towns. About 10 percent of the cases, 
both for study and control groups, came from rural areas. 

In table 4 we show the age distribution of the male and female study 
cases. There is a very similar age distribution for the male and female 
control cases. The study and control cases have been matched according 
to these age distributions. 

There is no significant difference in distribution by race between the 
male study and control cases (table 5). 


Data on Males 


Tobacco.—The data on tobacco consumption have been recorded both 
for type and amount. In table 6 we present the amount of tobacco 
smoked by the study and control groups. Whereas 16 percent of the con- 
trols were nonsmokers, only 3 percent of the patients with cancer of the 
oral cavity, 1 percent of the larynx group, and none of the lung-cancer 
patients were nonsmokers. Forty-four percent of the oral-cavity cancer 
patients, 42 percent of the larynx group, and 46 percent of the lung- 
cancer group admitted to smoking 35 cigarettes or the equivalent in cigars 
per day, in contrast to 29 percent for the controls. 
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59 8 88 
Floor of mouth 7 3 70 
24 3 89 

Lory) .| 32 82 
79 41 66 
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TABLE 4.—Percentage distribution by age and site of male and female study cases 


Oral cavity Larynx Lung 
Age 
Male Female Male Female Male Female 
30-39 4 6 == 6 _— 5 
40-49 10 3 14 16 13 12 
50-59 26 29 27 38 28 12 
60-69 36 26 38 22 44 51 
70+ 24 35 21 19 15 20 


TABLE 5.—Percentage distribution by race of male study cases and controls 


Race Oral cavity Larynx Lung Controls 
White 89. 0 83 82 89 
Negro 3.5 6 13 5 
Mixed 7.0 9 5 5 
Others 0.5 2 


TaBLE 6.—Percentage distribution of male study and control groups, according 
to amount of tobacco smoked* 


* Oral cavity Larynx Lung Controls 
Amount (178) (142) (79) (220) 
None 4 1 0 16 
1-15 5 6 10 6 
16-20 25 29 19 26 
21-34 22 23 25 23 
35+ 44 42 46 29 


*Refers to the number of cigarettes per day. Cigars have been included, counting 1 cigar as 5 
cigarettes. 


Differences between the groups, particularly between the lung-cancer 
series and the controls, with respect to type of smoking were marked. 
Cigarettes only were smoked by 38 percent of the patients with cancer 
of the mouth, by 49 percent of the patients with cancer of the larynx, 
and by 58 percent of the lung-cancer group. Cigars only were smoked 
by 9 percent of the lung-cancer patients, 15 percent of the larynx group, 
and 25 percent of the patients with cancer of the mouth (table 7). Sixty 


TaBLe 7.—Percentage distribution of male study a 
tobacco smoke 


- control groups, according to type of 


Oral cavity} Larynx Lung Controls 
Type (178) (142) (79) (220) 
Cigarette predominantly............ 7 13 5 10 
Cigar predominantly............... 8 5 9 8 
Pipe predominantly................ 1 1 0 1 
Mixed, includes cigarettes........... 17 16 20 16 
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percent of the patients with cancer of the oral cavity smoked at least 
some cigars. 

While pipe smoking is very rare in Cuba, cigar smoking is quite com- 
mon. Forty-eight percent of the controls admitted to some cigar smoking. 
We have analyzed the type of tobacco smoked for different types of 
cancer of the oral cavity. The highest percentage of smokers who smoked 
only cigarettes was for those with cancer of the floor of the mouth and 
pharynx—57 percent, respectively ; the lowest was for cancer of the tonsil— 
29 percent. Thirty-eight percent of patients with cancer of the tonsil 
and 27 percent of those with cancer of the tongue smoked only cigars. 
We have, furthermore, broken down the oral-cavity cancer cases by site 
to determine possible significant differences in amount or type of tobacco. 
smoked for each individual site, but no significant differences were ob- 
served. Among the 7 nonsmokers in the oral-cavity group, 3 had cancer 
of the lip, 3 cancer of the tonsil, and 1 cancer of the tongue. 

Alcohol.—The data on alcohol consumption are difficult to evaluate, 
because in this particular group of patients there were very few people 
who could afford, or would admit to, daily alcohol consumption. Those 
who were apparently heavy drinkers would only admit to sporadic heavy 
drinking, a type of drinking which is more difficult to analyze accurately. 
By the term “sporadic” drinking, we mean those individuals who average 
a state of drunkenness at least once a month. The type of alcohol most 
commonly consumed by this group is rum. The data indicate a greater 
number of sporadic drinkers of rum and whiskey among patients with 
cancer of the oral cavity and larynx than among the lung-cancer and 
control groups. Among the larynx group, 42 percent of the patients ad- 
mitted to sporadic drinking. The respective percentage for oral cavity is 
45 percent, for lung 31 percent, and for the controls 28 percent. The 
percentages for nondrinkers in the respective groups were: larynx, 11; 
oral cavity, 11; lung cancer, 10; and controls, 15 percent. The data on 
nondrinkers therefore show no differences between any of these groups. 


Data on Females 


The female study group contained significantly fewer nonsmokers and 
significantly more heavy smokers than the control group (table 8). The 
smallest number of nonsmokers was in the lung-cancer group, 5 percent, 


TaBLE 8.—Percentage distribution of female study and control groups, ac- 
cording to amount of tobacco smoked* 


Oral cavity Larynx Lung Controls 

* 

Amount (34) (32) (41) (214) 
None 24 13 5 66 

1-15 38 34 39 17 

16-20 24 25 41 10 
21-34 9 16 10 3 
35+ 6 13 5 2 


*Refers to the number of cigarettes per day. Cigars have been included, counting 1 cigar as 5 cigarettes. 
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TABLE 9.—Percentage distribution of female study and control groups, according to type 
of tobacco smoked 


Oral cavity Control 
(34) (32) (41) (214) 


62 7 
Cigarette predominantly........ 2. 
9 2. 5 
Cigar predominantly........... 3 _ _ 1 
Mixed, includes cigarettes....... 3 9 2.3 os 


whereas there were 66 percent nonsmokers in the control group. There 
were more nonsmokers in the oral-cavity group, 24 percent, than in the 
lung-cancer group, 5 percent, and larynx group, 13 percent. 

The number of cigar smokers was higher among patients with cancer 
of the oral cavity and larynx, 15 percent each, as compared to the lung- 
cancer group, 4.6 percent, and controls, 6 percent (table 9). The female 
data on smoking, both for amount and type, closely parallel those for 
males. A comparison of male and female control data, of course, shows a 
much greater number of nonsmokers among the female than among the 
male control cases. 

The female patients rarely admitted to any alcohol consumption. 
There is no significant difference in this respect between the study and 
control groups. Analyses on occupations and residence were also not 
remarkable. 


Discussion 


In cancer epidemiology it is important to study environmental factors 
suspected of playing a role in the development of certain types of cancer 
in a variety of environments. If a given factor is found significant in the 
production of a given cancer, in separate studies carried out in different 
countries, more confidence can be placed upon the individual results. 
This is particularly true if the racial and total environmental picture of 
these different countries varies. 

We have presented certain special aspects of the respiratory cancer 
problem. First, since smoking has been suspected of being a significant 
factor in the development of respiratory cancer, it was of interest to deter- 
mine how much influence smoking had in a population group with a 
relatively high percentage of cigar smokers. Second, it seemed pertinent 
to learn possible reasons for the high relative frequency of oral-cavity 
cancer and laryngeal cancer in Cuba, and the rather late, though steep, 
increase in the frequency of lung cancer. Third, this study was based 
entirely on a low-income-group population and, from this point of view, 
the study and control cases were well matched. 

Tobacco.—The results of the present study are consistent with recent 
American and European studies on lung cancer in showing smoking, 
‘particularly of cigarettes, to be a primary factor in the development of 
this disease. This is evidenced both from the male and female data. As 
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in the other studies, cigar smoking, though a lesser factor than cigarette 
smoking, also increases the risk of developing lung cancer. The rarity of 
a nonsmoker developing lung cancer is again evidenced in this study. 
Among the 79 male lung-cancer patients there were no nonsmokers. 

The percentage of nonsmokers among the female lung-cancer cases 
seems rather low when compared to a similar study made among Ameri- 
can female lung-cancer patients, especially since a certain percentage of 
these cases were undoubtedly adenocarcinomas. As stated previously, 
the majority of the diagnoses of these cases were based upon cytological 
study, though clinically all cases were considered to be primary lung 
cancers. The sex ratio appears relatively low when compared to Euro- 
pean sex ratios. However, the patients interviewed for this study reflect 
the total admission rate of lung-cancer patients over recent years, which 
has shown a narrowing sex ratio. In 1951, the ratio was 141:26 (5.43); 
1952, 150:40 (3.75); 1953, 158:69 (2.29); 1954, 163:68 (2.39); 1955, 
198:78 (2.54). 

The percentage of nonsmokers among the females would appear low 
if one considers that adenocarcinoma of the lung has apparently no 
relation to tobacco smoking and since, on the basis of the American 
experience, some 40 percent of the female cases might be expected to 
fall into the category of glandular lung cancer. In this respect it is un- 
fortunate that the majority of female lung-cancer cases included in this 
study had only cytological confirmation. Among 50 consecutive, histo- 
logically proved, female lung-cancer cases seen at the Curie Hospital, 
however, there were 10 adenocarcinomas, 14 anaplastic lung-cancer cases, 
and 26 epidermoid cancers of the lung. These data suggest that there 
is a lower incidence of adenocarcinoma in this group than normally found 
in American hospitals. This, then, might be an explanation for the rela- 
tively low number of nonsmokers in the group of female lung-cancer 
patients reported in this study. 

The present data are also consistent with recent publications on lar- 
yngeal and oral-cavity cancer, demonstrating that cigar smoking becomes 
increasingly more important as an etiologic factor as one goes upward 
in the respiratory tract (1, 2). Thus, while only 9 percent of the lung- 
cancer patients smoked cigars alone, the respective percentages for larynx 
and oral-cavity cancer were 14 and 25 percent. These data agree with 
the American data which demonstrate that the risk of the cigar smoker 
developing oral-cavity cancer, particularly, is greater than that of the 
cigarette smoker. 

In table 10 we present the amount of cigars, cigarettes, and pipe to- 
baccos sold in Cuba from 1947 through 1956. These data, in line with 
those from other Western countries, show a gradual diminution in the 
amount of cigars smoked, and concurrently show a significant increase 
in the number of cigarettes sold. At the same time, of course, they 
indicate a much greater per capita cigar consumption for Cuba, which 
has a population of about 5.5 million, than, for instance, the United 
States. 


Vol. 20, No. 4, April 1958 


: 
4 
on 
‘4 
| 


WYNDER et al. 


TABLE 10.—Annual consumption of tobacco in Cuba 


Year Cigars Cigarettes * Cut tobacco 
(Units) (Packages) (Pounds) 
1947 350, 881, 908 456, 213, 748 109, 687 
1948 345, 982, 195 478, 780, 846 149, 220 
1949 345, 627, 222 496, 489, 998 164, 185 
1950 329, 727, 574 508, 352, 750 147, 350 
1951 326, 962, 281 519, 641, 170 152, 450 
1952 353, 196, 085 559, 413, 148 180, 747 
1953 330, 218, 597 544, 983, 626 57, 621 
1954 274, 501, 804 583, 723, 606 67,010 
1955 286, 827, 841 582, 762, 850 87, 279 
1956 314, 612, 129 594, 486, 050 90, 693 


*Imported cigarettes are not included—official figures. 


Alcohol.—The data on alcohol, as stated, are difficult to evaluate in 
the particular population studied, because very few of the people could 
afford or would admit to constant alcohol consumption. The evalua- 
tion had to be based solely on sporadic alcohol consumption, which is a 
term difficult to interpret. In general, however, the data appear to be 
in line with recent publications showing that more alcohol is consumed 
among patients with cancer of the oral cavity and larynx than among 
lung-cancer and general control groups (1, 2). 

Relative frequency pattern.—It is pertinent to determine whether envi- 
ronmental factors found to be significant in a given epidemiological sur- 
vey of cancer are in line with the relative frequency pattern of this cancer 
in the population group investigated. The pattern that stands out in 
Cuba is that the relative frequency of oral-cavity cancer is greater than 
in the United States and has been quite high over several decades. 
On the other hand, the relative frequency of oral-cavity cancer seems to 
have leveled off, if not slightly decreased. During the same timespan, 
however, lung cancer has taken a very great upswing, and is today just 
about as common as oral-cavity cancer. These data are in line with the 
fact that the Cuban population is among the heaviest cigar-smoking popu- 
lations in the world, that cigar smoking has even in this country slightly 
declined during the past 20 years, while during the same timespan the 
consumption of cigarettes has greatly increased. The consumption of 
these various types of tobacco in the Cuban population over the past 
three decades, therefore, is compatible with the relative frequency pat- 
tern of oral-cavity, larynx, and lung cancer in Cuba, and with the differ- 
ence in risk among cigar and cigarette smokers of developing cancer in 
different parts of the respiratory tract. 


Summary and Conclusions 


1) Environmental factors in cancer of the respiratory tract in Cuba 
were investigated. The study is based on 399 male and 107 female 
patients with cancer of this site, which are compared to 220 male and 214 
female control patients. 
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2) Smoking was found to be a factor associated with the development 
of cancer of the respiratory tract. Only 3 percent of the male study cases 
were nonsmokers, compared to 16 percent among the controls. The 
respective percentages for females were 13 and 66 percent. There were 
also significantly more heavy smokers among the study cases. 

3) The type of tobacco smoked among the study cases varied signifi- 
cantly with the area of the respiratory tract involved. Pure cigarette 
smokers accounted for 58 percent of the male lung-cancer cases, 49 percent 
among the larynx-cancer group, and 37 percent among the males with 
cancer of the oral cavity. Contrariwise, the respective percentages for 
smokers of only cigars were 9, 15, and 24 percent. These data indicate a 
relatively greater risk of developing lung cancer for cigarette smokers and 
cancer of the oral cavity for cigar smokers. 

4) The particular groups included in this study admit to little habitual 
drinking. However, the data suggest that sporadic consumption of 
aleohol does contribute to the development of cancer of the oral cavity 
and larynx, but not to lung cancer. 

5) The data show that use of cigarettes is more closely associated with 
cancer of the lower respiratory tract than is the use of cigars. The reverse 
holds true for cancer of the upper respiratory tract. 

6) This study, conducted in Cuba, contributes to the present evidence 
that smoking represents an important factor in the development of cancer 
of the respiratory tract. 
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blastomas ! 


Mitton N. and Donatp PinKEL, Depart- 
ments of Biology and Pediatrics, Roswell Park 
Memorial Institute, Buffalo, New York 


Neuroblastoma is the solid tumor most frequently found in infants and 
young children (1, 2). Wright (3), in 1910, gave the first description of 
neuroblastoma as a clinical entity. He demonstrated that the essential 
elements of the “tumor” were primitive nerve cells which had the same 
morphology as those seen in the sympathetic ganglia and adrenal medulla 
during the development of the embryo. The neuroblastoma contained 
axons which are seen in the anlage of the sympathetic nervous system; 
associated with these axons were cells in various stages of differentiation— 
from immature neuroblasts to large mature ganglion cells with dendrites. 

Our interest in the neuroblastomas stems from the observations of 
Gross (2), Wright (3), Cushing and Wolbach (4), Potter and Parrish (6), 
Farber (6), and others (7). They found that in some children with this 
tumor the immature neuroblasts appeared to undergo progressive differen- 
tiation in vivo. Cushing and Wolbach (4) described a well-documented 
case of a child whose tumor differentiated into a benign ganglioneuroma 
containing many mature ganglion cells. In a study of 40 children with a 
diagnosis of neuroblastoma, Farber (6) observed spontaneous maturation 
of the neuroblastomas to benign ganglioneuroma in some patients with 
long survival times. These observations were proved by original biopsies 
of the tumors and surgical specimens at later dates. Potter and Parrish 
(5) reported a case of a stillborn infant with multiple tumors representing 
neuroblastomas, ganglioneuromas, and neurofibromas. 

Little is known of the behavior of neuroblastoma cells in tissue culture, 
except for studies by Murray and Stout (8). They showed that explanta- 
tion of these cells in plasma-clot cultures resulted in a rapid outgrowth of 
axons from clumps of neuroblastoma cells and that this could be used as 
a tool for diagnosis (8, 9). It was of interest to search for morphological 
signs of differentiation and to establish the growth characteristics of 
neuroblastoma tissue in long-term tissue cultures, especially in an environ- 
ment that did not contain a plasma-clot medium. 


1! Received for publication August 16, 1957. 
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Materials and Methods 


J.I., a 10-month-old infant, was admitted to Roswell Park Memorial 
Institute (R.P.M.I.) on October 22, 1956. He had developed hard 
masses in the occipital and left abdominal regions. Histological sections 
of a biopsy of the occipital mass appeared to be characteristic of a 
sympathicoblastoma. A bone-marrow aspiration from the upper tibia 
showed that about 90 percent of the marrow was composed of neuroblasts 
arranged in the form of pseudorosettes or small clumps. In an attempt 
to suppress the growth of the neuroblastoma cells, the child was started 
on chlorambucil, p-(di-2-chlorethylamino)phenylbutyric acid. A repeat 
bone marrow shortly before the patient’s death, obtained at the site of 
the previous one, showed some decrease in the number of neuroblasts in 
the smears. A sample of this marrow was used for explantation in vitro. 

The second sample was obtained by bone-marrow aspiration from the 
iliac crest of a 2-year-old female, D.D., who was admitted to R.P.M.I. 
on September 19, 1957. The material was obtained 2 days after admis- 
sion, before any treatment was begun. Most of the marrow consisted of 
small clumps or sheets of immature neuroblasts. Very few normal bone- 
marrow elements were found. The child died 2 months after admission. 

The marrow samples, approximately 2 cc. of aspirate in the first case 
and 4 cc. in the second, were placed in citrated bottles and centrifuged at 
1,700 r.p.m. for 10 minutes after mixing with 1 cc. of medium 199. The 
marrow particles and neuroblastoma cells, which formed a buffy-coat 
layer over the red cells, were then reclotted as previously described (10). 
The buffy coat containing the neuroblasts was cut into pieces measuring 
approximately 1 to 2 mm. and explanted under perforated cellophane 
in D-3.5 Carrel flasks. J.I. cells were initially explanted in a medium 
composed of 1 part cell-free ascitic fluid, obtained from patients with 
malignancies, and 2 parts Eagle’s medium. Because there was no out- 
growth of axons in the explants during the first 2 weeks in vitro, the 
medium was changed to one composed of equal parts of ascitic fluid, 
medium 199, and Eagle’s medium. The cultures were fed 3 times weekly 
and were carried in this medium for 8 months. 

D.D. cells were explanted in a medium composed of 10 percent calf 
serum, 10 percent human ascitic fluid, 35 percent medium 1066, and 45 
percent Hanks’ solution. Six explants were also made in plasma clots in 
D-3.5 Carrel flasks. The tissue was embedded in 50 percent chicken 
plasma and 50 percent of the feeding solution used for D.D. cultures. 


After the clots had formed, an additional 1 cc. of feeding solution was 
added. 


Results 


During the first 3 weeks in vitro in the J.I. series of cultures and the 
first 2 weeks in the D.D. series, no outgrowth of axons was observed from 
the explanted fragments of marrow containing the neuroblastoma tissue 
explanted under cellophane. This was in contrast to the results observed 


Journal of the National Cancer Institute 


TISSUE CULTURE OF NEUROBLASTOMAS 677 


by Murray and Stout (8) in plasma-clot cultures. In our series of plasma- 
clot cultures, only 2 of 6 cultures showed outgrowth of axons after 48 
hours. In the others, they were seen after 4 to 6 days in vitro. In J.I1., 
but not in D.D. cultures, osteoblasts and osteoclasts were found adhering 
to the top and bottom surfaces of the cellophane. Multinucleated giant 
cells, which arose by fusion of osteoclasts, were also observed. The 
latter cells resembled in morphology and histochemistry the foreign-body 
giant cells which form by fusion of monocytes and macrophages (//). 
After the 4th week, dense clumps of neuroblastoma cells were the only 
surviving elements in the J.I. series (figs. 1 and 2). Only the neuro- 
blastoma cells and their outgrowth of axons were seen in the D.D. series. 

The neuroblastoma cells did not migrate but remained as clumps of 
cells, even in plasma-clot cultures. A characteristic of these cells, which 
has been described by Murray and Stout (8), was the shedding of de- 
generated cells at the periphery of the explants (fig. 8). This phenomenon 
differs from the usual results that one obtains when tissue fragments are 
explanted in culture, where the cells in the central area of the fragments 
are the ones that show degenerative changes. This growth characteristic 
may also be used as an aid in the diagnosis of neuroblastoma. 

After about 1 month in vitro in J.I. cultures and after 2 weeks in D.D. 
cultures, many axons began to migrate from cells in the explanted tissue. 
These axons often formed complex interlacing networks and fused to 
form dense bands of nerve fibers (figs. 8 and 9). In addition to the fibers 
that had migrated from the explants, there were many dense bands 
which coursed through the clumps of neuroblastoma cells (fig. 6). The 
axons had varying numbers of nodules or swellings which gave them a 
beaded appearance, a phenomenon commonly seen in regenerating axons 
in vivo and in vitro (fig. 5). The adhesion of the axons into bundles of 
nerve fibers occurred in cells that were widely separated (figs. 3, 8, and 9.) 
Some of the axons extended for 0.5 to 1.0 cm. on the surface of the Carrel 
flask. The ends of the axons branched and many of these terminal 
branches had small swellings or “growth cones.” After 6 to 10 weeks of 
cultivation, small groups of neuroblasts were often found adjacent to the 
original explants (figs. 3 and 7). It was possible to observe mitotic 
figures in these cells. The neuroblasts had the characteristic tear-drop 
shape of immature nerve cells. As the axons began to grow out in large 
numbers, the neuroblasts which did not migrate to any extent, either 
under cellophane or in plasma-clot cultures, were transported from the 
original explants on the outgrowing axons (fig. 4). In this manner, small 
groups of neuroblasts and ganglion-like cells, described later, were found 
at some distance from the originally explanted mass of cells. 

No abnormal mitotic figures, with tripolar or tetrapolar dividing cells, 
were seen in the neuroblasts at any time during cultivation in vitro. 

An increasing number of large, pleomorphic cells, which at first were 
thought to be mesenchymal elements derived from bone-marrow cells, 
were found adjacent to the clumps of neuroblastoma cells (fig. 4). How- 
ever, these cells soon developed axons. Most of the cells had unipolar 
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axons but a few were bipolar and had fine dendritic outgrowths. They 
had large nuclei and many contained one large nucleolus and occasionally 
an additional smaller one. The axons which migrated from these large, 
ganglion-like cells would often penetrate the mass of neuroblastoma 
tissue and frequently axons extending from the original explants would 
enter these cells, giving the appearance of a reflex arc. No mitotic figures 
were observed in the ganglion-like cells. As these cells degenerated, the 
long axons became shorter, thicker, and wrinkled. The cytoplasm 
became very granular and the nuclei pyknotic. The detritus remained on 
the glass surface. These cells began to degenerate 10 to 14 days after 
first being observed on the periphery of the explants. 

Cohen and coworkers (12, 13) reported that snake venom caused hyper- 
plasia and hypertrophy of spinal and sympathetic ganglia of chick embryos 
in vitro and in vivo. When cobra or diamondback rattlesnake venom was 
added to the medium of cultures of D.D. at the first signs of outgrowth 
of axons, no stimulatory effect was observed at either 5 or 10 y of snake 
venom per ml. 


Discussion 


It has been possible to study in vitro the morphological and growth 
characteristics of nerve cells derived from the bone marrow of two children 
with neuroblastoma. Cells of neural origin have usually been cultivated 
in plasma clots. The fact that the neuroblastoma cells can multiply and 
differentiate under cellophane in a fluid medium should make it possible 


to perform experiments on the nerve cell without the interference of the 
plasma clot. 

When cells of normal or malignant origin are cultivated in vitro for 
long periods of time, they tend to lose most of the functional as well as 
morphological characteristics which identify them in vivo. Most malig- 
nant cells have already lost many of their normal characteristics before 
explantation in vitro. In contrast, one series of neuroblastoma cells grown 
in tissue culture for 8 months and another for 3 months have retained a 
number of their morphological tags: the ability to produce axons and to 
retain for a long time the appearance of the neuroblast, and the capacity 
for differentiation into more mature-looking ganglion cells. 

The work of Levi-Montalcini (14), Cohen (12), and Hamburger (13) has 
shown that a number of factors can influence the multiplication and 
differentiation of neuroblasts in vivo and in vitro. A heat-labile, non- 
dialyzable protein or protein-bound material in snake venom and in 
certain mouse tumors can cause hyperplasia of spinal and sympathetic 
ganglia in the developing chick embryo. Hormones could also stimulate 
the overgrowth of nerve tissues. These studies indicated that nerve 
cells have growth potentials which are not evident during normal growth 
and development of the nervous system. The results obtained by these 
investigators, the behavior of neuroblastoma tissue in long-term tissue 
culture which has been observed for a period of 8 months in vitro, and the 
convincing, well-documented case histories which showed that maturation 
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of neuroblastoma cells could occur in vivo, especially where children sur- 
vived for a long period of time, indicate that perhaps more attention 
should be given to some extrinsic mechanisms that may be affecting the 
growth and development of undifferentiated neuroblasts in newborn and 
young children. Perhaps some humoral mechanism operating from a 
distant site may be the primary cause for the rapid proliferation of the 
neuroblasts. As tissue from children with neuroblastomas becomes 
available, additional experimental procedures are contemplated to help 
answer this problem. 

Tumors of infants and young children investigated by tissue-culture 
techniques that would enable them to survive in an environment conducive 
to differentiation may yield information concerning the potentialities and 
the malignancy of these cells. 


Summary 


Neuroblastoma cells obtained from bone-marrow aspirations of two 
young children have been grown for long periods in vitro. Axons which 
formed dense, interlacing networks grew out from the surviving fragments 
of neuroblastoma tissue. In addition to many immature neuroblasts in 
which mitoses were observed, large ganglion-like cells appeared. The 
morphologic changes in the cells during cultivation in vitro indicated that 
differentiation of neuroblasts into more mature-looking ganglion cells 
may occur. 
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The following photographs are from living cultures of neuroblastoma cells 
growing underneath sheets of perforated cellophane in D-3.5 Carrel flasks. 

Figures in plates 61, 63, and 64 were photographed with a Galileo inverted 
microscope. 


Puiate 60 


Fiaure 1.—Dense clump of neuroblastoma cells. Many mitotic figures, which are not 
evident in the photograph, could be observed during microscopic examination. 
J.1., 31 days in vitro. X 175 


Fiaure 2.—Band of axons composed of hundreds of fibers projecting from mass of 


neuroblastoma cells. J.I., 60 days in vitro. X 375 
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PLATE 61 


Figure 3.--Small group of ganglion-like cells. Cell in focus has an axon extending to 
right from area of the axon hillock. Nucleus is eccentrically located and fine 
dendrites project from the cytoplasm. D.D., 57 days in vitro. > 450 


Figure 4.—Note neuroblasts, which are near the explant. The large clump of cells 
in upper corner (arrow) were transported on the outgrowing axons. D.D., 57 days 


in vitro. X 220 
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PLaTE 62 


Figure 5.—Part of a thick band of axons. Note nodular enlargements. J.I., 130 
days in vitro. X< 600 


Figure 6.—Axons coursing through central area of neuroblastoma cells. Axons often 
coursed through and even encircled the mass of nerve cells. J.I., 140 days in vitro. 
x 175 


FicurE 7.—Small groups of neuroblasts adjacent to main explant. Note typical 
tear-drop shape characteristic of the immature nerve cell. One cell is in metaphase. 
J.I., 152 days in vitro. X 400 
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PLATE 63 


Ficure 8.—There is a complex interlacing network of axons. Note many viable as 
well as necrotic neuroblastoma cells, which were transported from the explants on 
the outgrowing axons. D.D., 48 days in vitro. > 125 
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64 


Figure 9.—Axons have increased in number and the network has become more 
dense and complex after longer periods of incubation. No regular pattern of out- 
growth was evident, though the axons were attracted to one another. D.D., 59 days 
in vitro. X 220 
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Factors Determining Homograft De- 
struction and Immunological Enhance- 
ment in Mice Receiving Successive 
Tumor Inocula *? 


NatTHan Katiss and Braptey F. Bryant,‘ Roscoe 
B. Jackson Memorial Laboratory, Bar Harbor, Maine 


The term “immunological enhancement” is used for the phenomenon 
of the progressive growth of tumor homografts in mice that have been 
actively immunized with tissue homogenates or extracts, or “passively 
immunized” with anti-tissue sera. It has been shown that the enhance- 
ment is a consequence of the graft’s contact with antiserum (1-4). 
Several hypotheses have been advanced to account for the action of 
the antiserum, namely: (a) blocking of the antigenic stimulus; (6) block- 
ing of the immunologically reactive tissues of the host; (c) “immunological 
selection” of viable variant cells insensitive to the antiserum because 
of the absence of specific antigens; (¢) an induced change in the graft, of 
an undetermined nature, ensuring its viability in the face of an otherwise 
hostile environment. 

The experiments to be reported were designed to study the immune 
responses of the host with the object of differentiating the dynamics 
of graft resistance and enhancement. Some of the experiments have 
been described previously in summary form (1, 2). Their design was 
based on previous observations that a tumor homograft may evoke 
responses of a dual nature in an immunologically ‘foreign’ host (1, 5). 
These responses are expressed either as a heightened resistance to a 
subsequent graft of identical tumor tissue or as an abrogation of resistance, 
so that the second graft grows progressively. The temporal course and 
nature of these responses were studied by following the fate of a second 
tumor graft inoculated at different intervening time intervals into mice 
that had been immunized previously by a graft of the same tumor. It 
will be shown that the. nature of the host’s responses depends on the 
time interval between successive graftings and on the particular host- 
graft combination under study. The thesis will be advanced that immuno- 
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logical enhancement is due to an induced change in the graft, and not to 
immunological blockage of the host’s responses or to selection. 


Materials and Methods 


The test grafts were sarcoma I (SalI) and 15091a, both long-transplanted 
tumors that are indigenous to the inbred A strain of mice. Though the 
latter tumor was described originally as a carcinoma (6), it now should 
be classified as a sarcoma (P. A. Gorer, personal communication). Both 
tumors are carried as solid subcutaneous growths in strain A/Ks mice 
and are routinely transplanted by inoculating small bits of tumor by 
trocar. In the present experiments, the inocula were placed subcutane- 
ously in the opposite flanks in animals receiving two successive grafts, and 
in the suprascapular region in mice receiving only one graft. The fate of 
the grafts was followed by periodic palpation until the animals either died 
with progressively growing tumors or had no palpable grafts for a con- 
secutive period of at least 2 months, at which time they were classified 
as “negative.” 

The hosts were from inbred strains, which are unrelated to the tumor 
donor strain (A/Ks). The exact strain used will be stated for each 
experiment. The mice were of both sexes and usually were 2 to 4 months 
old at the start of the experiment. 

The sera used for passive transfer were produced either in rabbits 
or in mice in response to immunization with Sal or normal spleen from 
A/Ks mice. The immunization protocols have been given previously (4). 


When passively transferred, the sera were administered intraperitoneally 


in a single injection, usually given about 1 to 2 hours before inoculation 
of the tumor graft. 


Experimental 
Reaction of C57BL/Ks Mice to Homografts of Sal: Experiment 1. 


The hosts [previously called C57BL/6Ks (2)] received a second graft 
of Sal at intervals of 1, 2, 3, or 4 weeks after the first grafting. Half 
of the animals received an injection of rabbit anti-A/Ks spleen serum 
(0.5 ml. per mouse) at the time the second graft was inoculated. The 
experiment was carried out in two parts; in the first, all animals received 
their first grafts on the same day, while in the second, all mice received the 
second grafts on the same day. The two parts were run simultaneously, so 
that different groups of mice may have received either their first or their 
second grafts from the same batch of tumor mince. This procedure was 
adopted to check for possible variation in growth or transplantation 
characteristics of different batches of tumor. No differences were ob- 
served, and the data for both groups of experiments are therefore combined 
(table 1). Control groups received a single inoculum from each batch 
of tumor. 

The data of table 1 show that the initial response of the host to the 
_ immunizing stimulus of the first graft is a heightened resistance. The 
evidence for this is the inability of passively transferred antiserum to 
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TaBLeE 1.—Effect of time interval between 2 successive inoculations 
of strain A tumor Sal on proportion of grafis growing progressively 
in C57 BL/Ks hosts (see text: expt. 1) 


Number dying with | Number dying with 
positive first grafts/ positive second 
total no. grafts/total no. 


Interval 
Expt. between 

group* grafts 

(weeks) 


Females | Males | Females Males 


Antiserum injection at time of second graft inoculation { 


1 0/5 0/5 2/5 0/5 
0/5 0/5 0/5 0/5 


1/5 3/5 2/5 4/5 
0/5 0/5 2/5 4/5 


0/3 0/5 1/3 4/5 
0/5 0/5 3/5 5/5 


0/4 0/4 3/4 4/4 
1/5 1/5 5/5 5/5 


corn FO Ne 


No injection at time of second graft inoculati 


9 1 0/5 0/5 0/5 0/5 
10 0/5 0/5 0/5 0/5 


11 0/5 1/5 0/5 0/5 
12 0/5 0/5 0/5 0/5 


13 1/4 1/5 0/4 3/5 
14 0/5 0/5 0/5 3/5 


15 0/5 0/5 0/5 4/5 
16 0/5 1/5 2/5 5/5 


*Controls: Controls received a single inoculation from same batches of tumor used for 
experimentals. For first inoculation in groups 6 and 14, and second inoculum in groups 3 
and 11: 2/5 control males positive. Total controls for all other groups: 0/5 females, 0/15 
males, 


+Rabbit anti-strain A-spleen serum; 0.5 ml. per mouse, injected intraperitoneally about 1 
hour before inoculating second graft. 


initiate enhancement of a second graft inoculated 1 week after the first 
(table 1, groups 1 and 2). The resistance was further shown in the very 
rapid destruction of the second graft, as compared with the first graft, or 
with a single graft in the controls. As a rule, the first grafts remain 
palpable for about 12 days, undergoing an initial growth and then regres- 
sion, while the second grafts remain palpable for only 7 days, at most, and 
do not attain the size of the first grafts before regression. 

Sometime around thé 2nd week, the intensity of resistance begins to 
subside and in a number of mice enhancement of the second graft takes 
place. As the time between successive graftings is further increased, 
enhancement is the predominant occurrence. That both resistance and 
enhancement are a consequence of the immunizing stimulus of the first 
graft must be concluded from the fact that enhancement can take place 
without administering passively transferred antiserum (table 1, groups 13 
to 16). The data also show a sex difference in response, the females 
consistently being more resistant than the males, and for a longer time. 
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It was not unusual for the first grafts to become enhanced, and, char- 
acteristically, such grafts appeared to have completely regressed after 
an initial period of growth and then resumed growth after inoculation of 
the second graft. This pattern was observed whether or not the mice 
had received antiserum at the time of the second grafting. For example, 
in 3 males that received antiserum with the second graft (table 1, group 3) 
the first grafts became completely unpalpable 7 to 10 days after inocula- 
tion. These grafts remained unpalpable for about 3 weeks after inocula- 
tion of the second graft when they again became evident and continued 
progressive growth to death of the host. The second grafts also grew 
progressively. In the one female in this group that died with a “‘positive” 
first graft, there was an interval of 15 days between an apparently com- 
plete disappearance of this graft and its becoming palpable again. 


Experiment 2 


Actually, two sets of experiments are included in experiment 2. The 
design of these experiments is essentially like that of experiment 1. One 
difference is that an isoantiserum, which had been produced in C57BL/Ks 
mice immunized with a supernatant of Sal (4), was used for passive trans- 
fer. Also, the time interval between successive graftings was shortened 
in some of the experiments in order to more precisely delineate the 
waxing and waning of the resistance response induced by the first inocu- 
lum. In the first set of experiments the intervals were: 7, 14, 21, or 28 
days; in the second, 1, 3, 5, 14, or 28 days. Half of the mice received 
antiserum intraperitoneally (0.5 ml. per mouse) about 1 to 2 hours before 
the second grafting. 

The data are given in table 2. The experiments show that a heightened 
resistance, in response to the immune stimulus of the first graft, is already 
in evidence by 3 days after the first tumor’s inoculation (table 2, group 2). 
A second graft inoculated at this time is destroyed at an accelerated rate 
in a significant number of mice despite the passively transferred antiserum, 
which should have ensured enhancement. By 14 to 21 days after inocula- 
tion of the first graft, enhancement of a second graft becomes possible in 
a number of the mice, which indicates that resistance has waned (table 
2, groups 5 to 7). 

Enhancement of the first graft took place in a number of mice, and in 
some instances enhancement of the second graft also occurred in the same 
animal. On the other hand, only one graft, either the first or the second, 
might be enhanced. Characteristically, in mice receiving the second graft 
5 days or longer after the first, when the first graft did become enhanced 
it occurred after the graft had undergone a marked initial regression, the 
resumption of growth first becoming evident 1 to 2 weeks after the second 
graft had been inoculated. 


Response of C57BL/Ks Mice to Tumor 1509la: Experiment 3 


The general experimental procedure was the same as that described for 
tumor Sal. However, no antiserum was injected into the host at the 
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TABLE 2.—Effect of time interval between 2 successive inoculations of 
strain A tumor Sal on proportion of grafts growing progressively in 
C57 BL/Ks hosts (see text: expt. 2)* 


Interval Number dying with |} Number dying with 
Expt between | Positive first grafts/| positive second 
group” grafts total no. grafts/total no. 


(days) 


Females Males Females Males 


Antiserum injection at time of second graft inoculation f 


injection at 


*T wo experiments, done at different times, are included. Groups 1, 2, 3, 6, 9, 10, 11, 
12, 15, and 18 comprise one experiment; groups 4, 5, 7, 8, 13, 14, 16, and 17 comprise the 
second experiment. Controls for the first inoculum in groups 9 and 18: 2/5 males posi- 
tive; for all other groups: 0/30 males. 

+C57BL/Ks anti-Sal serum, 0.5 ml. per mouse, injected intraperitoneally about 1 to 2 
hours before inoculation of the second graft. 


time of the second graftings.’ The interval between successive graftings 
was 2, 4, 8, 12, or 16 weeks. The data, presented in table 3, show that 
this tumor is not enhanced as readily as Sal. Nevertheless, there is a 
duality of response, that is, both heightened resistance in the host and 
enhancement. The heightened resistance was shown by the very rapid 
regression of the second graft, as compared with the first. In many mice, 
the second graft was unpalpable 7 days after its inoculation, while a 
regressing first graft would still be in evidence 12 to 14 days after its 
inoculation. In the “positive” mice, it was not unusual for the grafts to 
undergo an initial regression and a subsequent resumption of growth. 
Thus, of 4 positive male mice in the ‘12-week-interval” group, one re- 
mained negative for about 5 weeks and a second for approximately 2 
weeks, after an initial growth period of 1 week. In the “16-week-group,”’ 
the 2 positive females remained negative for 3 weeks, after an initial slight 
growth for 9 days. In the 4 positive males in this group, the tumors 
grew progressively from the time of inoculation. 


5 Tumor 15091a can be enhanced by passively transferred antiserum (Kaliss, unpublished data). 
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1 5/5 5/5 5/5 5/5 as 
3 3/5 3/4 1/5 2/4 at 
5 1/5 3/5 0/5 0/5 . 
7 1/5 2/5 0/5 0/5 - 
14 0/5 0/5 0/5 0/5 7 
1/5 2/5 1/5 1/5 : 
21 0/5 1/5 1/5 5/5 7 
28 0/5 0/5 3/5 5/5 i 
2/5 1/5 2/5 5/5 7 
No EEE time of second graft inoculation 
10 1 1/5 2/5 1/5 1/5 ’ 
il 3 0/5 0/5 0/5 0/5 e 
12 5 1/5 4/5 0/5 0/5 i 
13 7 0/5 0/5 0/5 0/5 be 
14 14 0/5 0/5 0/5 0/5 Z 
15 0/5 1/5 1/5 1/5 Ps 
16 21 0/5 0/5 1/5 2/5 rit 
17 28 0/5 0/5 1/5 2/5 i 
18 0/5 0/5 2/5 4/5 ~ 
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TABLE 3.—Effect of time interval between 2 successive inocula- 
tions of strain A tumor 15091a on proportion of grafts growing 
progressively in C57 BL/ Ks hosts (see text: expt. 3) * 


Number dying with | Number dying with 
Interval positive first grafts/ positive second 

between grafts total no. grafts/total no. 
(weeks) 


Females Males Females 


0/10 
0/10 
0/10 
0/10 
0/10 


*Controls (single inoculum per mouse): 0/29 females. 


There is also a sex difference in reactivity of the host, as there was with 
Sal, the females evidently being more resistant. It is of interest that 
there is a concomitant difference in hemagglutinin production in mice of 
this strain in response to tumor 15091a, both the rate of increase in titer 
and the period of sustained antiserum production being greater in females 


(1). 
Differences in Host Responses to a Tumor Homograft: Experiment 4 


Sixteen of the negative animals (10 females, 6 males) in experiment 2, 
taken from both the experimental groups and the controls, received 
further inoculations of Sal to a total of 3 per mouse. Since none of the 
inocula grew, it was of interest to determine whether these animals were 
nevertheless producing “enhancing” antibody. The animals were ac- 
cordingly bled 2 weeks after the last tumor inoculation, and the serum 
from each mouse (approximately 0.2 ml.) was injected in toto into a 
C57BL/Ks male. A subcutaneous graft of Sal was inoculated 1 hour 
later. Thirteen of the 16 males so treated died with progressively growing 
tumors. None of 4 untreated controls grew the tumors. Lack of en- 
hanced growth of the successive grafts in the 16 donors of the antisera 
is therefore not attributable to any failure to produce “enhancing” 
antiserum. 


Reactions of C3H/Ks Mice to Repeated Inoculations of Sal: 
Experiment 5 


Sixteen female and 23 male C3H/Ks mice received 5 successive inocula- 
tions of Sal. The interval between the second and third inoculations 
was 11 weeks; between the other inoculations it was 3 months. None of 
the grafts grew progressively, and the second through the fifth inocula 
showed a definite “second-set response.” The mice were bled for serum 
2 weeks after the third inoculation, and the serum was injected intra- 
peritoneally (1 ml. per mouse) into 5 male and 2 female C3H/Ks mice. 
One hour later, the mice received a subcutaneous inoculum of SalI. The 
tumors grew progressively in 3 of the 5 males and in both females. The 


Journal of the National Cancer Institute 


696 
ir 
fc 
C 
5 
Males v 
2 0/10 0/10 0/10 I 
4 0/10 0/10 1/10 t 
8 0/10 0/10 5/10 
12 0/10 0/10 4/9 
16 0/10 2/10 4/10 


IMMUNOLOGICAL ENHANCEMENT 697 


inability to get tumor enhancement in the donors of the serum can there- 
fore not be attributed to any absence of antiserum, but rather to a sus- 
tained high level of resistance that was initiated by the first tumor graft. 
On the other hand, successful enhancement of SalI did take place in 3 of 
5 C3H/Ks females and 2 of 5 males that had been actively immunized 
with Sal supernatant, rather than an inoculum of live tumor. This suc- 
cessful enhancement can be attributed to the characteristics of the im- 
mune stimulus of the tumor supernatant, which apparently can evoke 
the production of circulating antibody, but not graft resistance (7). 


Reaction of A.SW Mice to a Second Inoculum of Sal: Experiment 6 


The A.SW animals, an “isogenic resistant” strain of mice developed 
by G. D. Snell (8), were “negatives” from one of his experiments (9) 
and had had no palpable evidence of a tumor for a consecutive period of 
at least 2 months prior to the time we reinoculated them. In Dr. Snell’s 
experiment, some of the animals had received intravenous or intraperi- 
toneal injections of strain AS/n whole blood or freeze-dried SalI. En- 
hancement of grafts of Sal had occurred in a proportion of the animals 
so treated (9). Of 30 males and 36 females that we reinoculated with 
SalI, 23 males and 25 females died with progressively growing grafts (77 
and 69%, respectively). The sex difference is not statistically significant. 


Enhanced Tumor Can Provide a Competent Antigenic Stimulus: 
Experiments 7 and 8 


The demonstration that this is true would throw doubt on the validity 
of the hypothesis that immunological enhancement is due to the blocking 
of the antigenic stimulus of the homograft because it is ‘‘coated”’ by anti- 
serum. The experimental design was again that of determining the status 
of the immune response engendered by a first homograft as shown by the 
fate of a second graft. The host-graft combination was SalI in C57BL/Ks 
mice. C57BL/Ks mice received an intraperitoneal injection of isoanti- 
serum (C57BL/Ks-anti-Sal) several hours before a subcutaneous inocu- 
lation of pieces of Sal. Twenty-four hours later, the mice were killed, 
the pieces of tumor recovered, and in turn inoculated into other C57BL/ 
Ks mice. These tumors acted as the first “immunizing” graft and were 
followed by a second inoculum of SalI at various time intervals, the second 
grafts coming from A/Ks mice (the native strain for the tumor). 

The data of experiment 7 are shown in table 4. The time interval 
between the successive tumor graftings was 1, 7, or 21 days. The pieces 
of tumor used for the first grafting came either from serum-treated C57BL/ 
Ks mice (as described in the preceding paragraph) or from untreated 
C57BL/Ks mice. Shortly before the second graft was inoculated into the 
experimental mice, each mouse received an intraperitoneal injection of 
C57BL/Ks anti-SaI serum. The data show that the first grafts, both 
those that came from serum-treated and untreated mice, gave an antigenic 
stimulus that was effective in inducing heightened resistance. Further- 
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more, these first grafts were themselves enhanced as a result of their 24- 
hour sojourn in the C57BL/Ks mice, and it is interesting that this is 
true whether the grafts came from serum-treated or untreated mice 
(table 4, controls). 


TaBLe 4.—Induction of graft resistance in C57 BL/Ks hosts to a second 
graft of tumor Sal, by a first graft of the tumor which had been 
exposed in vivo to passively transferred antiserum in a previous 
C57 BL/Ks host*t 


Number dying Number dying 

with positive with positive 
Expt ered first grafts/ second grafts/ 
pom grafts total no. total no. 


(days) 


| Females Males | Females Males 


Donor tissue for first grafts exposed to antiserum in vivo prior 
to inoculation 


1 1 4/5 5/5 5/5 5/5 
2 7 3/5 4/5 0/5 1/5 


Donor tissue for first grafts not exposed to antiserum prior 
to inoculation 


1 5/5 5/5 5/5 
7 2/5 4/5 0/5 
21 [i 4/5 0/5 


*C57BL/Ks anti-Sal serum, 0.5 ml. per mouse, injected intraperitoneally in all the 
mice about 1 hour before inoculating the second graft. 


tControls for first graft: groups 1, 2: 3/5 males; groups 3, 4, 5: 4/5 males. Controls for sec- 
ond grafts in all groups: 0/15 females. 


The design of experiment 8 is essentially similar to that of experiment 7, 
but with the following differences. All the tumors used for the first graft 
resided subcutaneously for 24 hours in antiserum-treated C57BL/Ks mice. 
Each of these mice received 6 pieces of tumor which, on recovery, were 
reinoculated as a single piece per recipient into the experimental animals. 
One week later, the second graft of SalI, this time taken from an A/Ks 
donor, was inoculated. Half of the mice received antiserum about 1 hour 
before the second grafting. The data of table 5 show that the first graft 
provided a sufficient antigenic stimulus to induce heightened resistance to 
a second graft. Furthermore, the first grafts were themselves enhanced 
(controls, table 5) as a consequence of the 24-hour sojourn in C57BL/Ks 
mice prior to their being recovered for reinoculation into the experimental 
animals. 


Discussion 


Immunological response to tumor homografts.—The sequence of the dual 
immunological reactions to SaI in C57BL/Ks hosts is in accord with 
Mitchison’s data (7, 10) for the temporal relationships of heightened graft 
resistance and the production of hemagglutinins in response to this tumor. 
We infer that antiserum is present from the fact that enhancement of a sec- 
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TaBLe 5.—Induction of graft resistance in C57BL/Ks 
mice by tumor SalI which had been exposed previously 
to passively transferred antiserum in vivo in a C57BL/ 

Ks mouse*t 


Number dying with 
positive first 
grafts/total no. 


Number dying with 
positive second 
grafts/total no. 


Males 


Expt. 
group 


Females 


| Females | Males 


Intraperitoneal injection of C57BL/Ks anti-Sal 
serum at time of second grafting 


2/5 
1/5 


5/5 
4/5 


0/5 
0/5 


0/5 
0/5 


No injection at time of 


second grafting 


3 
+ 


0/5 
3/5 


3/5 
3/5 


0/5 
0/5 


1/5 
0/5 


*One-week interval between first and second graftings. 
tControls for first graft: 6/10 males; controls for second graft: 0/5 males. 


ond graft takes place if it is inoculated not less than 3 to 4 weeks after the 
first. This inference is justified, since we have shown that “enhancing” 
serum can be obtained from a mouse for many months after it has received 
a single tumor inoculum (1/7) and that the presence of antiserum is the 
essential condition for enhancement (1, 2). 

The progression of the two types of reactions in time is shown diagram- 
matically in text-figure 1. The figure is based on the present data and 
those previously published on the course of production of antiserum (11). 
The appearance of enhancement is equated with the waning in resistance 
and the concomitant attainment of a high level of antibody production. 
It must be remembered that text-figure 1 depicts the events for a specific 
host-graft combination (Sal in C57BL/Ks mice) and that it is a gener- 
alized picture even for this combination, for an occasional mouse (par- 
ticularly among the females) may show an unfailing resistance to repeated 
tumor inoculations. 

Whether both resistance and enhancement are the consequence of im- 
munization, or whether only resistance is the result, depends not only upon 


| IMMUNE STIMULUS (Tumor Sal) | 


ANTISERUM 


HOMOGRAFT 
RESISTANCE 


4 


RESPONSE LEVEL 


1 
WEEKS AFTER IMMUNIZATION 


TEXT-FIGURE 1.—Diagrammatic representation of the waxing and waning of homo- 
graft resistance and the concomitant rise in circulating antibody which is responsible 
for immunological enhancement. The curves are based on the reactions of C57BL/ 
Ks mice to the strain A tumor sarcoma I. 
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occasional individual differences among animals of a given inbred strain 
but even more so upon which host-graft combination is being used (12, 
13) and the particular experimental conditions (1, 12, 14, 15). It is neces- 
sary to keep this in mind in assessing what would otherwise appear to be 
contradictory data, for the source of the apparent contradictions may be 
our ignorance of the variables operating in each experimental situation. 
Thus, progressive growth of a subsequent tumor graft after the regression 
of a previous one of the same tumor has been reported by Flexner and 
Jobling (1/6) and Lewis and Lichtenstein (17), while Barrett and Hansen 
(18) and Casey et al. (19) reported negative results. 

Biology of immunological enhancement.—We will consider in turn the 
four hypotheses of enhancement set forth in the beginning of this report. 
The first three are the more obvious assumptions that would derive from 
considerations of “classical” immunology. The fourth hypothesis, though 
it states that an antigen-antibody reaction is the initial requirement for 
enhancement, assumes that the consequence of the reaction is some alter- 
ation in the graft which ensures its survival in the face of the hostile 
response of the host. 

The first two hypotheses are considered together, since the arguments 
against their validity are the same for both. These hypotheses state 
that the enhancing action of the antiserum is due either to the blocking 
of the antigenic stimulus of the graft or to the blocking of the immuno- 
logically reactive tissues of the host. The first hypothesis has been fa- 
vored by Billingham, Brent, and Medawar (20) and by Snell (21). Gorer 
(12) has a somewhat similar point of view, though he formulates it more 


precisely in terms of either a depression or a delay of the host’s allergic 
response in the presence of excess antiserum. 


Comment: Though Mitchison and Dube (7) did not advance any speculations on 
the possible role of antiserum in enhancement, they did conclude that the ability of 
lymphoid tissue (lymph nodes) to develop resistance to a homograft was “blocked” 
as a consequence of pretreating the mouse with tumor extract. This conclusion was 
based on the inability of lymph nodes taken from mice so treated to confer graft 
resistance by ‘‘adoptive transfer’ even though the donors of the nodes had received 
a subsequent inoculum of live tumor, which ordinarily should have induced resist- 
ance. On the contrary, there was an indication of enhancement of a tumor homo- 
graft in the mice receiving these nodes. Whether “blockage” was the reason for these 
results is questionable, for Mitchison and Dube found that similarly treated mice, 
that is, immunized with a tumor extract and a subsequent tumor graft, produced 
hemagglutinating antiserum of a very high titer at the time that the “blocked’”’ nodes 
would have been removed for transfer. It would not be surprising, therefore, that 
the enhancing activity of the antiserum elaborated by these nodes would overshadow 
the effects of their resistance response. The plausibility of our explanation is sup- 
ported by Mitchison’s (10) finding that lymph nodes transferred from mice that had 
received the additional stimulus of a second tumor inoculation were not as effective 
in conferring an adoptive immunity as primarily stimulated nodes. The secondarily 
stimulated nodes could be expected to produce antiserum of so high a titer that their 
resistance response would be masked, as Gorer (12) has suggested. On the contrary, 
it might be expected that enhancement would follow the transfer of such lymph 
nodes (this cannot be determined from Mitchison’s experiments), just as did happen 
with nodes taken from the mice immunized with tumor extract and a subsequent 
tumor graft. 


Journal of the National Cancer Institute 


s 

‘ 
i 

t 


IMMUNOLOGICAL ENHANCEMENT 701 


Our present data and those we have reported previously (1, 3) do not 
support the plausibility of the hypotheses of blockage. As we have 
shown here, tumors which are themselves enhanced can give an adequate 
immune stimulus. Gorer (22) has given histological evidence that a 
homograft in a mouse injected with specific isoantiserum (an experimental 
situation which would lead to enhancement of the graft) does elicit a 
histiocytic response which, in the early stages, is indistinguishable from 
that in a control mouse. Additional evidence against blockage is the 
enhancibility of a first graft which often takes place after a second graft 
is inoculated, while the second graft is rapidly destroyed by the heightened 
immunity of the host even though antiserum has been injected at the 
time of its inoculation. This “resuscitation” of the first graft can take 
place in mice receiving a second inoculum without an antiserum injec- 
tion, the second graft, meanwhile, having rapidly succumbed to the lethal 
effects of a heightened resistance. In this case, enhancement of the first 
graft can be ascribed to the increase in antiserum production in response 
to the additional antigenic stimulus of the second graft. 

Is enhancement due to immunological selection from an antigenically 
heterogeneous cell population?—Since enhancement is so consistently pro- 
ducible, any assumption of selection would imply that the antigenic 
variants are a constant feature of the graft. If this were true, the homo- 
grafts should not show the transplantation specificity that they do in 
untreated animals; to state it otherwise, progressive growth of the homo- 
grafts should be common in the untreated controls: This, however, is 
not true. Tumor 15091a has never been observed to grow progressively 
in untreated C57BL/Ks mice, while SalI does so only occasionally. How- 
ever, in untreated C3H/Ks and C57Br/aSn mice, SalI almost never grows 
progressively, though it can be uniformly enhanced in these strains of mice 
(23). The same is true for the C3H tumor B.P.8, which never survives 
in an untreated BALB/c mouse, but, nevertheless, can be uniformly en- 
hanced in this strain (14). The fact that immunological enhancement 
can be consistently produced with a number of tumors is further evidence 
against random variability of the tumor. 

Other evidence against the hypothesis of selection is the finding that a 
first graft of Sal in C57BL/Ks mice can be enhanced, while a second graft 
is rapidly destroyed in the same animal by the “second-set”’ response en- 
gendered by the first graft. There can be no recourse here to an appeal 
to random variability in antigenic composition of different batches of 
Sal, since these events, are too uniform a feature. Furthermore, the as- 
sumption of random variability would necessitate the subsidiary assump- 
tion that all the tumor material used for the second graftings had a nar- 
rower, or more specific, antigenic range than the material used for the 
first graftings (since the second grafts were all destroyed), but our exper- 
iments (see expt. 1) in which the same batch of tumor was used as donor 
material for both the first and the second graftings showed no such 
correlation. 


Further evidence against selection comes from enhancing experiments 
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with different doses of passively transferred isoantiserum, using the 
C3H tumor B.P.8 in BALB/c hosts (1/4). Here it was found that much 
better enhancement took place in the animals receiving smaller doses 
of antiserum (/). If selection were responsible for enhancement, it 
would be expected that it would operate at least as well in the mice 
receiving larger doses of antiserum. 

Finally, if selection were invoked as the explanation, then one would 
have to assume that the tumor material used as the antigenic stimulus 
for the production of iso- or hetero-antisera (to be used for enhancement) 
did not contain the antigens in the cells of the tumor destined to survive 
as the enhanced grafts; otherwise, the antisera would have destroyed 
these cells also. Since such antisera bave been produced for many years 
in our laboratory, the accidental selection of a limited group of antigens 
for immunization is a most remote possibility on a purely chance basis. 

Enhancement is a consequence of an induced alteration of the graft, 
initiated by the grafl’s encounter with antiserum.—The possibility of 
inducing alterations in tumor grafts, which are expressed as a widened 
range in their transplantability, has been recorded by several investigators 
(24-27). The conditions under which these changes occurred were 
different from the experimental procedures for immunological enhance- 
ment, but the important point is that an alteration did take place. What 
the nature of the alterations is, is not known, but Koprowski et al. (27) 
believe that it cannot be ascribed to antigenic changes. As for our own 
experiments, the change could be immunological, involving a loss of 
certain antigens or a diminution in their quantity, so that the graft is 
no longer “foreign’’ to the host; or the change may not be immunological 
and of a character not understood at present, but such that it permits 
the graft to survive despite a hostile response from the host. We believe 
that the latter is the more probable explanation, though the critical 
experiments to establish this still have to be done. One line of evidence 
comes from preliminary experiments in which enhanced Sal was serially 
transplanted to untreated C57BL/Ks mice. Progressive growth of the 
grafts took place for three transplant generations (though not in all the 
mice), but none of the inocula survived the fourth transplantation. We 
have reported a similar observation (2) with another tumor-host combina- 
tion, tumor E 0771 (a C57BL/6 mammary carcinoma) in A/Ks mice. 
These observations, though not conclusive, would argue against an 
immunological change in the tumors, unless one were to assume that 
there is at first a loss of certain antigens and that these antigens are 
recovered as the tumor is retransplanted. An aid to the solution of such 
questions may come from direct serological examination by the techniques 
of Gorer and Mikulska (28) and Gorer and O’Gorman (29). 

Whatever the nature of the change may be, our data indicate that 
the graft must be allowed sufficient time for it to take place. This 
is shown by the cases in which a first tumor inoculum became enhanced, 
while the second inoculum was rapidly destroyed by the heightened 
resistance of the host. It would be reasonable to assume that a change 
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had been in progress in the first graft during the period that the host 
was developing its full resistance response, and that the stimulus of the 
additional antiserum injected at the time of the second grafting, or the 
rise in antiserum level engendered by the stimulus of the second graft, 
enabled the first graft to complete its changes to the point where it 
became “enhanced.” The possibility that contact with the antiserum 
may also stimulate the graft to accelerated growth has been reported by 
Gorer (30) for a tumor exposed to antiserum in vitro, and is indicated 
in our recent experiments (14) with antiserum in vivo. 


Summary 


An inoculum of the strain A tumor sarcoma I (Sal) in C57BL/Ks hosts 
induces a heightened resistance which will destroy a second inoculum 
of the tumor at an accelerated rate. The resistance becomes evident 
as early as 3 days after inoculation of the first graft and begins to wane 
by 2 to 3 weeks. Thereafter, immunological enhancement of the graft, 
i.e., progressive growth of the tumor to death of the host, becomes possible. 
The same sequence of events takes place with the strain A tumor 15091a 
in C57BL/Ks mice, though the period of resistance is longer than with 
Sal. With the host-graft combination of Sal in C3H/Ks mice, the hosts 
remain solidly immune to repeated inoculations of the tumor. However, 
enhancement can take place in hosts immunized with a supernatant of 
Sal or with passively transferred antiserum. 


The bearing of these results on the biology of immunological enhance- 
ment is discussed, and it is concluded that the phenomenon is an expression 
of an induced alteration, of an unknown nature, which permits the 
homograft to survive despite the hostile response of the host. 
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The Striped-Back or Chinese Hamster, 
Cricetulus griseus 


Grorce YERGANIAN,® Ph.D., The Children’s Cancer 
Research Foundation, The Children’s Medical Center, 
and the Harvard Medical School, Boston, Massachusetts 


One of the least-known laboratory rodents is the striped-back or Chinese 
hamster, Cricetulus griseus Milne-Edw. In the course of the last 37 years, 
this nocturnal species has found its way into a number of distant labora- 
tories because of several unique morphologic features, parasitic relations, 
and disease susceptibilities. Unsuccessful attempts to breed in captivity 
limited the number of animals available for experimentation, except in 
China, where they are still captured in large numbers throughout most of 
the year. An eventful yet understandable error by Pontecorvo (/) re- 
newed interest in this species, when he reported it to have only 14 chro- 
mosomes. Some years later, cytologists attracted to this species were 
enlightened by Schwentker’s success in breeding it in captivity and making 
it available commercially (Tumblebrook Farm, Brant Lake, N. Y.). More 
recently, Matthey (2-4), Sachs (5), and Yerganian (6) established and 
confirmed the chromosome number to be 22—the lowest number yet to 
be observed among Eutherian laboratory mammals, which generally have 
40 or more in the diploid complement. 

After many months of study, personal experiences in breeding this 
species have been highly encouraging. The present annual production of 
2,500 to 3,000 animals has led to the initiation of a number of related and 
unrelated experimental trials, utilizing three unique morphologic features 
of this species: low chromosome number (fig. 1), thin cheek-pouch mem- 
brane (fig. 2), and proportionally large and fully descended testes (fig. 3). 

Preliminary studies on chromosomes have dealt with subjects pertaining 
to radiation cytogenetics (6, 7), tumor cytology (8-10), aneuploidy in the 
regenerating liver and bone marrow (11, 12), action of alkylating agents 
on mitosis and chromosomes (13, 14), and deoxyribonucleic acid (DNA) 
determinations (15) as applied to the problem of polyploidy in mammalian 


! Received for publication September 16, 1957. 

? This investigation was supported in part by AEC Contract AT (30-1)-1753, Grant DRG-293 from The Damon 
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National Institutes of Health, U. 8. Public Health Service, The Children’s Cancer Research Foundation, and 
funds furnished by Project No. GS978 of the National Science Foundation. 
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evolution (5, 16-18). Since all the Old World hamsters have naked cheek 
pouches, the Chinese hamster offers another valuable site, in addition to 
one possessed by the golden hamster, for direct observation of vascular 
phenomena per se (19), vascularization and growth of tumor and embry- 
onal tissue (20), and viewing thrombocytopenic bleeding in radioresistant 
animals (2/, 22). Initiation of several docile inbred lines, possessing up 
to 95 percent genic homozygosity, has provided tissues with which to 
start in vitro analyses. These animals are available to other laboratories 
as surpluses occur (fig. 4). 


Brief Taxonomic and Historic Background 


Of the 6 genera of True or Old World hamsters of the subfamily Crice- 
tinae, 4 are known from China, Mongolia, Siberia, and Tibet (23-26). 
Three of the 4 Asiatic genera are small or dwarf forms confined to the 
northern and more desert parts of the continent. The small hamsters of 
the genus Cricetulus resemble their American relatives, the white-footed 
mice of the genus Peromyscus. Although many subspecies inhabit dry 
regions, some forms are abundant in arable valleys, where they burrow in 
small banks of gardens and between rows in cultivated fields. 

An interesting account of hoarding by one species, Cricetulus triton, is 
described by Allen (23). This species is found in the dry country of north- 
eastern China, where early collections were obtained from burrows among 
human grave mounds. Burrows were located on the south side of graves 
and descended vertically for many feet to several chambers, in which were 
gathered a bushel or more of grain for autumn and winter use. In some 
districts, burrows were found every few yards—indicating what a pest 
these creatures may become to farmers, but a welcome sight for some poor 
peasants who make a living by digging up these underground granaries. 

Among the known 12 species and subspecies from the China provinces, 
only 1 has come into prominence because of its medical implications— 
the striped-back or Chinese hamster, Cricetulus griseus. The first re- 
corded experimental use of this species was by Hsieh, who substituted 
them for mice which were scarce and expensive at that time; he first 
encountered them in the streets of Peking where youngsters were selling 
captured animals as pets. This hamster was successfully employed by 
Hsieh (27) for the identification of pneumococcal types, by Avery’s 
method—then a necessary laboratory test before selective treatment could 
be administered to the many cases of pneumonia at the Peking Medical 
College Hospital. Thereafter, for some 20 years, Chinese and British 
researchers conducted a variety of susceptibility and morphologic studies 
on numerous captured animals. Although important to man because of 
its possible role as a reservoir host for Leishmania donovani (kala-azar), 
the animal proved to be susceptible to tuberculosis, diphtheria, rabies, 
influenza, and equine encephalitis. 

Many attempts to breed this species in captivity over long periods 
failed. Even after careful studies on the reproductive cycle, Parkes (28) 
was unable to witness copulation at the expected peak of estrus. Chang 
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and Wu (29) noted irregularities in the estrous cycles of captured females, 
whereas a number of laboratory-born females had regular cycles and 
yielded a total of 5 litters during a 2-year period of observation. Buxton 
also bred a few litters, but failed to continue the stock ($0). Schwentker, 
in a brochure announcing the availability of the animal in commercial 
numbers, described his experiences with this pugnacious species (see also 
31). Koller (with C. Smith) obtained, and later lost, a few litters bred 
from animals supplied by Schwentker. Similarly, our colony was so 
derived and, at present, is the major source for distribution. 

Representatives of our docile stock and breeding methods, described 
herein, were sent to Koller in the fall of 1954 and he established a success- 
ful colony in England. Additional requests for stock animals have 
necessitated the compilation of our experiences in the form of this report. 
To date, 40 laboratories have requested breeding and/or experimental 
stock, and there are now 5 flourishing colonies in Europe and 7 in the 
United States. 


Care and Management 
Reversed-Lighting Scheme 


For some 18 months, prior to adopting a reversed-lighting scheme, 
mating trials were conducted during the evenings, beginning around 
10 p.m. By providing larger breeding cages and selecting docile females, 
it was possible to leave animals together until daylight. Nevertheless, 
killing and mutilation were experienced occasionally during the initial 
attempts to inbreed what then appeared to be docile females. As a step 
to insure the establishment of inbred lines, it was necessary to install a 
reversed-lighting scheme that would enable breeding trials to take place 
during the daytime working hours. 

Recently weaned litters (4-5 weeks old) were relocated in a section of 
the laboratory (Biology Department, Boston University) draped off with 
remnants of a stage curtain. The reversed illumination for the enclosed 
area was controlled by a time clock set for 11 hours of darkness, starting 
at 7 a.m. By 9 a.m.—2 hours later—adult females were entering their 
peak of estrus, and matings were conducted routinely at this time. 
Females displaying hostility toward their mates were readily separated 
before inflicting injuries. Selection of docile animals was enhanced by 
this scheme, since it enabled periodic observations of their nocturnal habits. 

A seemingly unimportant factor that contributed to successful breed- 
ing with reversed lighting was the restful period available to the colony 
when the lights were turned on from 6 p.m. to 7 a.m. This may be con- 
trasted to disturbances resulting from human activities during the working 
hours in normally lit rooms while animals are trying to rest or sleep after 
a period of nocturnal activity. 

* The experiences of V. Schwentker have been compiled in chapter 31, “The Chinese (Striped) Hamster,” of 


the recently published UFAW Handbook on the Care and Management of Laboratory Animals, 2nd ed. London, 
Courier Printing & Publishing Co., Ltd., 1957. 


Also, an interesting variation in breeding techniques has been described by K. Herter and H. G. Rauch entitled 
“Haltung und Aufzucht chinesischer Zwerghamster.”” Zetschr f, Saugetierkd. 21: 161-171, 1956, 
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Sufficient light with which to work during the darkened period was 
provided by low-voltage bulbs (15-20 watts) on extension cords having 
reflectors. ‘“Trouble” or garage lights are suitable for this purpose since 
they can be hooked onto stanchions or nearby cages, thus enabling the 
use of both hands during routine inspections. 

As the colony increased, the reversed-lighting scheme in the present 
laboratory had to be reset to provide at least 2 hours of full illumination 
in order to conduct major maintenance routines. The lights are now set 
to turn on at 3 p.m., with an 11-hour dark period. A reversed-lighting 
scheme may be set to any timing cycle that is most convenient to the 
individual workers, as long as mating trials are conducted within 2 hours 
after the lights are turned off. 

The fact that this species is odorless provides a means of utilizing poorly 
ventilated areas for breeding space, particularly when it is inconvenient 
to reverse the lighting pattern in animal rooms shared with others. 


Housing 


In order to select the best type of housing for this species, a variety of 
cages was employed for many months. The various plastic models, made 
by Keystone Plastics Company, Media, Pennsylvania (with type-102 
feeders), proved to be excellent and most successful for raising fertile 
females (figs. 5 and 7). This was evident when the majority of females 
weaned directly to open-bottom or wire-gauze cages became sterile. In 
contrast, litter mates raised in plastic and solid-bottom metal cages (with 
sawdust or shavings) were fertile and bred readily. Several of the initial, 
partly inbred lines maintained in wire-gauze cages were eventually elim- 
inated because of the resulting sterility among females, as evidenced by 
an extensive growth of hair about the vaginal area. Males appear to be 
unaffected by environmental factors that cause this response in the female. 
Nonabsorbent, nonsterile cotton is provided as nesting material to all 
animals in wire-gauze cages and only to pregnant females maintained in 
plastic cages. 

As recommended by Dr. L. C. Dunn, of Columbia University, exercise 
wheels (4-inch diameter) suspended from the covers of plastic cages 
(Model 102) and breeding cages, encourage many social and physiological 
conditions desired for selective inbreeding of a naturally solitary species 
(figs. 6 and 7). The wheel exerts considerable influence during adoles- 
cence, but fails to overcome drastic, aggressive changes that suddenly 
arise when females reach sexual maturity and display dominance. 

Properly sealed rabbit pens, with the wire platforms removed, serve 
well as breeding pens (fig. 5). The cleaning pan is covered with sawdust 
and is readily serviced. Round cages, with a diameter of approximately 
24 inches, have also been used, since the continuous path along the circum- 
ference provides for the running activity that precedes mating. 

Males are mated every other day or preferably twice weekly; they may 
be kept permanently in the breeding pen or rotated after each mating. 
When both sexes are set simultaneously, the male is distracted by the 
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sudden change in environment and may not respond favorably. It is 
recommended that when replacing a male, the fresh male be set in the 
pen soon after the female from the previous mating is removed. This 
provides the rested male with ample time to familiarize himself with the 
new environment and be prepared to respond the following “morning.” 


Nutrition and Room Temperature 


Although a supplementary diet of greens, milk, and canned dog food 
was found to augment Purina chow pellets, the size of the colony during 
the past 4 years has discouraged its continuation. Kretschmer’s wheat 
germ is the only supplement now provided and is restricted to pregnant 
and lactating females and recently weaned litters. Litters several days 
old are commonly fed wheat-germ flakes by the mothers. The flakes, 
stored in the cheek pouch, are transferred directly to the mouths of each 
young cradled in the mother’s forelimbs. To witness this aspect of mater- 
nal care is, indeed, a rare pleasure. When only 7 days old, the young are 
able to crawl about blindly toward the porcelain jar containing wheat 
germ, where they eat heartily and fill their cheek pouches, until retrieved 
by the mother. 

Fresh tap water is provided at all times. The room temperature is 
maintained between 72 and 76° F. Lower temperatures (62-68° F.) have 
little or no effect on breeding activities; high temperatures (82—90° F.) 
reduce daily activities, including copulatory attempts, and cause varia- 
tions in size, body weight, and increased numbers of runts among the 
newborn. 

Handling of Animals 


Young and adolescent animals may leap blindly during first attempts 
at handling. On some occasions, particularly when pulling and pushing 
wire-gauze cages, the sudden motion may excite a young animal so as to 
respond by quickly ascending the side of the cage and leaping outward. 
A similar behavior is witnessed among some adults housed in wire-gauze 
cages. The weaker animal, usually a “henpecked” male, may climb out 
just as the cage is being closed and, if the handler is careless, the animal 
may be decapitated. Although the present colony is handled with bare 
hands, light-weight (8-ounce), canvas work gloves are recommended to 
absorb urine and protect against sporadic bites (the writer has experienced 
only a few bites while repeatedly handling over 8,000 animals with bare 
hands during the past 5 years). Practically all the breeders become pets 
after a few handlings. 

The following description for handling is primarily for young animals 
and virgin females being grasped for inspection of the vagina. The gloved 
hand is oriented so that the head is seized lightly in the “cup” formed by 
the thumb and forefingers and the abdomen is held lightly by the other 
fingers. An excited animal can be handled effectively by holding it against 
the side of the cage in a cupped hand. As it turns about seeking escape, 
it will repeatedly be in the preferred position. 
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Less active adult animals may be scooped up onto the open palm. 
Since they fear height, they hold onto the gloved hand while being oriented 
to whatever hold desired by the handler (fig. 4). In any event, when the 
head is cupped gently, the animal tends to remain quietly in the desired 
position. Figures 8 and 9 illustrate the hold for inspecting the vagina and 
administering drugs intraperitoneally. 

The recommended hold for subcutaneous injections is illustrated in 
figure 3. The animal is placed atop a table and flattened slightly with 
the palm of a gloved hand. The loose skin about the neck and head is 
pinched with the thumb and forefinger, while the remaining fingers grasp 
the skin along the lower dorsal region. 

Adolescent animals are curious and squirm away when grasped—only 
to return and renew their playful antics. Once trained, on the hand, 
many refuse to leave unless lowered to the bottom of the cage. Animals 
which bit the gloved hand ferociously before being grasped were dis- 
carded as breeders, since this pugnacious habit was demonstrated to be 
transmitted as a dominant trait among members of two partly inbred 


lines. 
Estrous Cycle 


The youngest sexually matured female to date was 48 days old at the 
time of its first mating trial. Generally, females born during the spring 
of the year mature earlier than females born during the fall months. 
The average female is ready for breeding when 8 to 12 weeks old. Heavy 


females (35-40 gm.) tend to reach maturity early in this period, regardless 
of age and type of solid-bottom caging employed. Similarly, animals 
raised in cages with exercise wheels have a tendency to mature earlier, 
particularly during the fall and winter months. The gradual opening 
of the vaginal orifice may be followed by weekly inspection. Thereafter, 
females ready for breeding may be transferred to wire-gauze cages 
without disturbing their fertility. 

Descended testes, enclosed in a thin scrotal sac, of young adult males 
measure approximately 13 mm. The scrotum is 2.5 to 3.0 cm. in length, 
measured from the penis as shown in figure 3. 

Sexually matured animals are caged separately only when used as 
breeders. Otherwise, sexed litter mates generally live together for many 
months unless an aggressive individual develops among them. 

Chang and Wu (29) determined the length of the estrous cycle among 
some females captured in the field, and a few raised in the laboratory, to 
be 4.5 days. In an earlier study, supplemented with histologic prepara- 
tions of the reproductive organs, Parkes (28) concluded the cycle to be 4.3 
days in duration. Both studies reported failure to observe copulation, 
which in Parkes’ terms is the main criterion for judging the estrous 
phase. 

In this study, the length of the cycle has been found to be 4.0 days 

_among selectively bred females, and is based entirely upon lordosis and 
acceptance of the mate. Vaginal smears were discontinued very early 
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in these trials when many females, supposedly in the height of estrus, 
failed to lordose or accept the presence of a male. Consequently, it 
was necessary to associate behavioral responses with each of the 4 phases 
of the cycle as a means of determining the copulatory period. In time, 
16 distinct behavioral responses were correlated to daily variations in the 
appearance of the vaginal area and orifice. An effort was also made to 
regulate variations in the cycle by initially breeding females that repeatedly 
displayed 4.0-day cycles. 

The cycle is composed of four periods: proestrus, estrus, metestrus, 
and diestrus. Determinations are made during the late afternoon (3-5 
p.m.) of the day before trials are to be conducted, or preferably during the 
morning when animals in estrus can be mated immediately. The fol- 
lowing descriptions eliminate the need for vaginal smears, since the 
superficial vaginal appearance can be judged in a matter of seconds, and 
verified by distinct behavioral responses, if necessary. These procedures 
rarely take more than a few minutes for each female. 


Proestrus—I Day Prior to Copulation 


Vaginal appearance.—The epithelium of the surrounding area, including 
the orifice, appears pink-to-red in color. The surface is smooth and moist, 
even though droplets of urine may exaggerate this condition. By prop- 
erly holding the animal (figs. 8 and 9), the relaxed orifice can be spread 
laterally with the thumb and forefinger, causing the extended vagina to 
protrude and form a well-defined ridge about the lumen. A prominent 
red “spot”? from the base of the clitoris to the inner fold of the lumen 
appears deeper in color at this stage than during diestrus and metestrus. 

Behavioral response—When introduced to the breeding pen, docile 
females shy away from the male and wander about the cage. They may 
approach one another (the male more cautiously) and appear to touch 
muzzles as a form of identification, or the male may follow the female as it 
wanders about. Within a few moments the male may attempt copulation, 
thus forcing the female to increase her pace, stiffen her limbs, and proceed 
with her tail held high in the air. Some males may investigate the ano- 
genital region, rather than attempt copulation. In any event, the female 
rarely turns to notice the male during this phase, unless he becomes 
aggressive and initiates the fight. 


Estrus—Lordosis and Copulation 


Vaginal appearance.—Features noted for proestrus remain compara- 
tively constant except for a lighter coloring of the general area, darker red 
spot, and great distension of the lumen to form a higher and/or more 
wrinkled ridge when properly manipulated. 

Behavioral response—Repeated lordosis and copulatory attempts are 
witnessed within seconds. Effective cohabitation is indicated when the 
male retains his hold and forces the female to fall to one side. Ap- 
parently, the position of the perineum, during the canine-like lordosis, 
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and the large testes, interfere with the male’s efforts to mount properly, 
Consequently, the male may respond by tipping the female over to her 
side, or may raise her perineum slightly with a hind limb to enable coitus. 
While in the former position, the male is forced to release his hold when 
the female suddenly turns and bites his scrotum. This response by the 
female may be regarded as indicating an effective intromission and 
ejaculation—in contrast to earlier attempts when an excited female 
refuses to remain still to permit proper mounting. Both sexes will then 
retire for a brief period and resume activities when the female approaches 
the male, turns away quickly, and runs a short distance before lordosing 
once again. The male usually reacts to this type of precoital play several 
times during the earlier stages of mating. 

In time, the male fails to respond to the female’s desire to continue the 
mating. When this occurs, the female becomes aggressive and bites the 
scrotal sac or tail before turning away to run into position. In any 
event, this leaves an inexperienced male in a vulnerable position for 
repeated mutilation of his tail and scrotum unless rescued in time. 
Invariably, resetting the female with another virile male eliminates her 
aggression and both sexes behave in the manner described earlier. 
Although older females gradually become aggressive toward males, the 
majority remain peaceful for at least 4 hours. 


Metestrus—3 Days Prior to Mating 


Vaginal appearance.—This stage may be confused with proestrus, 
because of slight variations witnessed between light- and heavy-weight 
females. When in doubt, the behavior response is applied as a test to 
decide between these two phases of the cycle. 

The main feature is the absence of a prominent ridge about the orifice 
when spread laterally. Instead, the region appears to be swollen or 
edematous, with distinct coloration. The clitoral spot may be large but 
light in color, and a cloudy vaginal discharge is apparent in some females. 

Behavioral response.—If the female is docile, she runs along with her 
tail down as if in a crouched position. The male follows in an effort to 
judge her status. Fighting can occur shortly after introducing the female. 

As long as the female’s tail is down, the stage is definitely metestrus; 
if the tail is held high, she is in proestrus. The behavior test may be 
necessary only when a distinct swelling, posterior to the orifice, is 
unnoticeable. 


Diestrus—2 Days Prior to Mating 


Vaginal appearance.—The lumen is tightly closed or very small when 
spread laterally. The area is dry and scaly, except for the anterior 
portion of the ridge of large females. The clitoral spot is lightly tinted 
when visible. 

Behavioral response—The female is generally aggressive, and fighting 
will persist if the animals are not separated. 
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Brief key to estrous cycle—figures in parentheses denote days before mating 


1) Vaginal orifice closed or very small 
Surrounding tissue dry, scaly, and pale 
Female aggressive, fighting may occur Diestrus (2) 
1) Vaginal orifice open, moist, smooth, and clitoral spot evident 
2) Prominent ridging about distended lumen 
Clitoral spot deep red-to-purple color 
Pale-to-pink appearance of surrounding tissue 
Female docile, runs ahead of male with tail held high in air 
Male may become aggressive and/or attempt 
to mount Proestrus (1) 
2) Prominent ridging about distended lumen more wrinkled or puckered 
Clitoral spot deep purple 
Pale-to-lightly tinted appearance of surrounding tissue 
Female displays active running, followed by canine-like lordosis and 
copulatory attempts by male Estrus (0) 
2) Lack of prominent ridging about lumen 
Clitoral spot light to deep red in color 
Surrounding tissue, particularly posterior area of lumen appears 
swollen or edematous : 
Fighting may take place after setting sexes 
Tail of female remains down Metestrus (3) 


Mating Schemes 
Brother X Sister Matings 


Partly inbred litters are raised in plastic cages with exercise wheels to 
insure vigorous, early maturing animals. Sporadic matings do occur 
soon after females reach sexual maturity. However, in such cases, the 
males had reached maturity before the vagina opened. When both sexes 
mature simultaneously, males may fail to respond because of female 
dominance. Pregnant females and females in estrus soon become hostile, 
at which time the more adolescent members of the litter are selected for 
a series of vicious tail and scrotal bites, while the matured ones are left 
alone or mistreated occasionally. This behavior requires further study 
since docile females may suddenly become aggressive by the 14th day of 
gestation, whereas others may litter and care for the young in the presence 
of cooperating adults. 

On several occasions, brother X sister matings went by unnoticed, and 
litters of 5 to 8 were successfully raised in cages housing as many as 
7 adults. Similar trials with subsequent generations of this partly inbred 
line in the present animal room have failed, since females refuse to build 
nests and devote most of their time to exercising on the wheel with litter 
mates. Sublines of this “strain” continue to have such matings, but 
females are separated as soon as pregnancies are detected. As prospective 
sublines are increased in the near future, additional trials to select 
colonizing “strains” will be repeated. Such a development will certainly 
be a step toward further domestication, since it will eliminate the need 


for the reversed-lighting scheme and insure steady progress in the breeding 
program. 
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Test Matings 


When matured litter mates fail to mate, they are sexed and separated 
for afew days. As each female enters estrus, she is placed with one of her 
male litter mates, and mating generally takes place immediately. Since 
the sexes were raised together and set apart for only a few days, aggressive 
fighting or insistent copulatory demands (scrotal biting) by the female 
are rarely witnessed. However, after many months of separation due to 
pregnancies, these same females may become pugnacious and act differ- 
ently. 

Virgin and previously bred animals may be paired with the selected 
mate and left together until the female shows signs of late pregnancy, 
or to insure against mutilation of the male, the female is removed after 
8 or 9 days and returned to her cage. Females are also introduced to the 
male during proestrus and checked the following midmorning for signs 
of a vaginal plug. When females dominate and refuse to mate, particu- 
larly when attracted to the exercise wheel, the sexes are left together for 
two cycles (8 days) during which time they will respond more favorably. 
Although some partly inbred litters mate readily, separation of the sexes 
for several days improves the male’s response by the time the female enters 
her next estrus. Test mating is essentially the only effective scheme avail- 
able and should be employed daily, if necessary, to insure maximum 
reproduction. 

During December, January, and the early part of February, previously 
bred females experience what appears to be a shortening of the estrous 
phase of the cycle. During the winter months, matings generally con- 
ducted at 9 a.m., or some 3 hours after the lights are turned off, fail to 
yield the expected percentage of pregnancies (60%) even after repeated 
4-day trials. However, these same females became pregnant when ma- 
tings were conducted as early as 6:30 a.m. Docile females in proestrus, 
set with males the day before, also become pregnant readily. In every 
respect, both sexes are more pugnacious during the winter. Environ- 
mental factors causing alterations in the estrous phase are still unknown, 
since many virgin females which reach sexual maturity during these 
months become pregnant when mated at the usual time, 7.¢e.,9a.m. Toin- 
sure heavy production during the winter months, old breeders are replaced 
by virgin stock weaned during late summer and early fall. 


Typical Daily Mating Schedule 


The reversed-lighting pattern (10-11 hours of darkness) is set so that 
matings are conducted 2 hours after the lights turn off. When one 
enters the darkened room, closet, or enclosure, 1 or more low-wattage bulbs 
with reflectors are used to locate, inspect, and/or test-mate females. 
Generally, females mated 4 days previously are inspected first to determine 
whether or not they are pregnant (small or closed vagina) or, if the 
vaginal appearance indicates estrus, they are mated once again and their 
mating cards are then advanced 4 days in the calendar index to repeat the 
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cycle. Also, new females are inspected and/or test-mated and their cards 
are placed in the calendar index for reinspection for estrus 1, 2, or 3 days 
later, depending on the characteristics noted earlier. Females in estrus 
at the time of inspection are mated immediately or, if an appropriate male 
(inbred) is not in a mating pen, they are scheduled for mating 4 days later 
and the male is set the day before. In this way, rotation of inbred males 
minimizes the need for maintaining many mating pens and a rough selec- 
tion for a 4-day estrous cycle is attained. Four- or 8-day pregnant fe- 
males are recorded and their cards are reset in the calendar index file 
according to the expected time of parturition. 

Mating trials should be discontinued for the day, particularly during 
the winter, when more than 4 or 5 hours have passed since the time the 
lights were turned off. The percentage of the pregnancies drops off 10 
percent for each hour after the lights go out. Inspection and recording 
the stage of the estrous cycle may be continued throughout the “morning” 
and individual mating cards set in the calendar index in accordance with 
the 4-day schedule. 

Aggressive females are separated as soon as one notes inactivity of the 
male; docile pairs are left together for several hours, or when a large 
plugisformed. Females are returned to their cages and the males replaced 
with others needed the next day, or left alone to insure successful remating 
4 days later. 

General maintenance, mass inspection, weaning, and final recording 
are conducted under full illumination of an hour or more during the early 
morning or late afternoon, depending on the preferred reversed-lighting 
scheme. 

General Information 


Gestation 


Pregnancies are detected when the vagina is closed and resembles the 
diestrus phase on the 4th day following the mating trial. The average 
gestation period is 20.5 days. Parturition occurs during the late afternoon 
of the 20th day, but may be initiated as early as 3 p.m. Since matings 
among partly inbred lines are rarely witnessed, it is difficult to ascertain 
late pregnancies unless females are checked for a slight hemorrhagic vaginal 
secretion, which occurs on the 14th day of pregnancy. 

On occasion, females may have difficulty during parturition, particularly 
when a fetus becomes wedged in the proximal region of the vagina. In 
such cases, the female ‘is sacrificed, the fetuses removed surgically, and 
foster nursed with the most recently born litter. When partly inbred 
animals are found in such a state, the nursing female’s litter is fostered 
onto another female to insure against errors that can arise when weaning 
mixed litters. At one time, a female fostered 2 newborn litters, in addition 
to her own, for a total of 16 young. 

Weaning is generally done when litters are 25 days old; the sexes may 
be left together or separated, depending on the facilities available. It is 
recommended that future female breeders be weaned to solid-bottom 
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cages containing sawdust or clean wood shavings. As many as 25 animals 
of either or both sexes can be kept in large stock cages (15’’X15’’) until 
sexually mature. 


Fecundity 


Fortuyn (32) reported Congdon’s findings on the distribution of young 
in 39 litters captured in the field. A comparison of these findings and 
our present production is provided in table 1. The average size among 
captured litters was 5.5 per litter, while the present average of our colony 
is 4.8. Chang and Wu (29) noted an average of 1.9 animals per litter 
from 5 litters bred in their laboratory, and an average of 1.35 for 11 litters 
born in the laboratory from captured females. Although rested males 
sire large litters, there is a tendency for the involved female to cull the 
young to 5 or 6 in number. Consequently, males are used twice weekly 
to maintain this average without overtaxing the female during pregnancy 
and to minimize “parturition culling.” This term is used to signify the 
female’s instinctive response concerning the size of the litter she intends 
to raise, and should not be confused with cannibalism, which occurs 
occasionally. Cannibalism is usually experienced when females in late 
pregnancy are transferred from plastic cages having exercise wheels to 
smaller cages, either plastic cages or wire-gauze cages, lacking wheels. 
All females soon become adjusted to the change and deliver large litters 
thereafter. 

The present animal facilities and activities therein have proved to be 
unsatisfactory for breeding Syrian hamsters, whereas mice, rats, and 
Chinese hamsters do very well. In many respects, the Chinese hamsters 
are more murine-like than the Syrian and European hamsters. Canni- 
balism among Syrian hamsters has been far greater than ever experienced 
by the writer while associated with other laboratories, and may be related 
to the continual presence and activities of colleagues in the present 
animal room. 


Pugnacity of Adolescent Litters 


Fighting among litters generally signifies the onset of sexual maturity; 
an inspection invariably reveals a matured female to be the instigator. 
If fighting persists, many of the passive litter mates will have their tails 
and/or scrotum chewed by the pugnacious members. Removal of an 
aggressive female, who actually wants to mate but instead causes numerous 
injuries, may not necessarily stop fighting among the remaining litter 
mates. Once a “henpecking” sequence has evolved, the entire litter 


TABLE 1.—Comparative fecundity in the wild and laboratory Chinese hamster 


Number of young: 
Number of litters 1 2 3 4 5 6 7 8 9 10 


39 (Fortuyn)* 0 1 2 6 9 
1421 (Yerganian) f 49 140 219 273 309 250 121 39 19 2 


*Captured in the wild, 1927. 
tAs of June, 1957. 
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must be separated and placed in individual cages. Adolescent litters, 
particularly those left with the mother beyond 30 to 35 days’ postpartum, 
have the tendency to undergo the “henpecking” series of dominance. 
This may be the consequence of a prolonged stay with the mother who 
would, normally, in the wild, wean her young earlier by refusing to 
nurse and act forcefully to drive them away. In the laboratory, the 
latter act is accomplished by pouncing on preselected young, rather 
than the nearest offspring at the time of her aggression. Such experience 
must be retained and intensified as the litter matures. Events leading to 
recalling the mother’s behavior are not too well understood at the moment, 
but the leader is always certain to be the most mature or the heaviest 
female in the litter. Aggressive animals invariably have intact tails, 
whereas the others have freshly bitten or scarred tails and/or perineum. 


Body Length and Weight 


Adults are approximately 9.0 cm. in length as measured from the muzzle 
to the base of the tail. Males appear longer than females because of 
their distended scrotum, and are generally heavier in appearance, too. 
Young adults weigh from 28 to 40 gm., and aged animals may weigh as 
much as 55 gm. Extensive measurements and age of sexual maturity are 
now being recorded for comparison with studies conducted on captured 
animals by Fortuyn (32, 33) and Chung (34). 


Anesthesia 


A ¥-ml.-capacity tuberculin syringe and %-inch, 27-gauge needle are 
recommended for intraperitoneal administration of sodium pentobarbital 
(Nembutal®). Animals become anesthetized within 3 to 7 minutes and 
remain so for 1 to 3 hours. Booster injections are not feasible unless 
absolutely necessary, and previous experience has been favorable. When- 
ever required, booster injections should be limited to 0.01 ml. for untreated 
animals weighing approximately 25 to 30 gm. Proper dilution of Nem- 
butal is of some help in controlling boosters. 

Precautions should be taken to insure warm surroundings when animals 
display shallow breathing while anesthetized. Body temperature can be 
maintained by wrapping each animal in cotton and setting it in a warm 
area (75-78° F., or about 25° C.). 

The recommended dosages of veterinary and clinical Nembutal are 
listed in table 2 according to body weight. It has been our observation 
that different investigators using these doses induce various levels of 
anesthesia. Consequently, some investigators may have to increase or 
decrease the dose by 0.005 ml., depending upon their initial trials. 

Ether is also satisfactory for brief periods and may be substituted in 
place of booster injections of Nembutal. 


Recent Improvements in Preparation of Cheek-Pouch Membrane for 
Vascular Observation 


The nature and uses of the everted and transillumined cheek pouch of 
this species of hamster are described by Fulton et al. (19). Improved 
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TABLE 2.—Anesthesia 


Nembutal 


Body weight 
(gm.) Veterinary Clinical 


(60 mg./ml.) | (60 mg./ml.) 


(10-14) 


visualization of double and single “flap” preparations at high magnifica- 
tions and a more effective control of optical qualities have been combined 
in the construction of the pinless Alex membrane preparation dish (fig. 10). 
This new design may be compared with our initial holder, illustrated in 
figure 2, which necessitates pinning out the membrane on a raised plat- 
form for micromanipulatory studies. The principles of the Alex design 
were adopted in the construction of a modified holder that combined the 
best features of the two forms (fig. 11). Since the modified holder is 
used with a Zeiss Opton microscope, the original Alex holder is recom- 
mended as a universal unit for use with all microscope designs. Details 
for the construction of a holder designed for accurate control, by means 
of the mechanical stage, are available from the writer. 


Experimental Infectious Studies 


The use of this species in China for experimentation was primarily 
due to its relatively high sensitivity to bacterial and viral agents and 
extremely low purchase and maintenance costs. Equally important 
was the reliability of data compared to those obtained with other labora- 
tory animals. 

With the exception of a few recent reports, the large number of studies 
on Leishmania donovani (Chinese kala-azar), initiated around the mid- 
twenties, has been listed in a special report prepared for the Kala-azar Pre- 
vention Conference (35). Serologic findings of Hindle, Hou, and Patton (36) 
and Pai and Hu (37) have provided useful data on differential cells and 
a count from peripheral blood. 

Chuan and Lim (38) and Lu and Zia (39) noted the animal to be equally 
sensitive and more reliable than the guinea pig in testing for the virulence 
of Corynebacterium diphtheriae. Similarly, Korns and Lu (40, 41) reported 
susceptibility to tuberculosis to be greater than that observed in mice. 
T’ung and Wong (42) concluded that the Chinese hamster provided a 
. More rapid diagnosis than the guinea pig when using the Pick technique 
for tuberculin detection. Intratesticular and peritoneal routes of injec- 
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tion were found by Wang (43) to be more effective in differentiating 
human from bovine types of tuberculosis: the latter were found to be 
more virulent. Yen (44-46) reported susceptibility to “fixed” and 
“street”? rabies and human influenza to be relatively high. The effects of 
pathogenic Monilia were reported by Kurotchkin and Lim (47). 

Chang, Liu, and Liu (48) noted that the Chinese hamster responded 
negatively to trials with the Japanese B and St. Louis strains of the 
encephalitis virus, but positively to the RSSF and WE strains. They 
suggested the use of the animal for differential diagnosis in areas consid- 
ered as having the Japanese and RSSF strains concurrently. 


Discussion 


Domination by the female was purposely overemphasized in the 
preceding descriptions, in an effort to point out the various stages of 
maturity and the estrous cycle when undesirable hostilities may be 
expected to arise. Selective breeding and proper handling of females 
have been effective in minimizing injuries inflicted upon males. This 
species has been demonstrated repeatedly, in the hands of the writer, 
to be far easier to breed than the golden hamster, Mesocricetus auratus. 

Cannibalism in the Chinese hamster has been virtually eliminated by 
controlled breeding and occurs only when drastic or untimely changes are 
made in housing late-pregnancy females. Foster-nursing and handling 
newborn or young litters have never resulted in exciting females to the 
point usually displayed by other laboratory rodents. 

The use of vaginal smears to determine the stage of estrus has been 
replaced by simpler routines: (a) superficial appearance of the vaginal 
areas, and (6) distinct behavioral responses for each phase of the estrous 
cycle. These features, in conjunction with a reversed-lighting scheme, 
provide an efficient means for controlling pugnacious habits, maintain 
maximum reproduction, and offer a convenient method for studying 
various aspects of behavior displayed by a species previously described 
as difficult or impossible to breed in captivity. 


Summary 


Various aspects of breeding and general care of the Chinese hamster, 
Cricetulus griseus, are discussed. Recent experimental trials have en- 
couraged the use of this species in oncologic problems for radiation- 
induced physiologic and cytologic alterations, as well as in determining 
susceptibilities and host relations of diseases that continue to plague the 
temperate regions of Asia. 
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Figure 1.—Aneuploid cell of tumor CH-38MC having 23 chromosomes. Tissue 
pretreated with hypotonic solution of colchicine to accentuate centromeric con- 
strictions. 


Figure 2.—Everted cheek-pouch membrane preparation for high-power micro- 
manipulation of blood vessels. 


Figure 3.—Handling animal for administering subcutaneous injections. Distended 


scrotum, measuring approximately 3.0 cm. from penis to scrotal tip, contains testes 
averaging 15 mm. in length. 


Figure 4.—Representatives of docile, easily handled inbred lines. 
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Figure 5.—Corner of present animal room showing the different types of cages em- 
ployed. Large plastic cages (Model 102) with exercise wheels on top of racks. 
Models 101 and 103, with 102 feeders, are set on shelving against wall, each housing 
an inbred female. Stock female breeders are later maintained in wire-gauze cages. 
Rabbit pens (center, rear) are used for breeding. 


Figure 6.—Homemade exercise wheel for Model 102 plastic cage. 
Fiaure 7.—Position of exercise wheel in cage housing an inbred litter. 


Fiaure 8.—Hold for inspecting vaginal area. Note protruding ridge about the orifice 
(proestrus and estrus) when properly manipulated. 


Figure 9.—Close-up of vaginal area. Clitoral spot evident above laterally spread 
lumen. 
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Figure 10.—The Alex membrane preparation dish. 


Figure 11.—Modified holder for use with Zeiss microscope (fixed condenser), which 
eliminates all movements of the membrane. 
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Fibroma-Myxoma Virus Transforma- 
tions in Different Types of Tissue Cul- 
ture! 


Lawrence Kitwam, M.D., Division of Biologics 
Standards,? Bethesda, Maryland 


A previous report (1) presents evidence that the Berry-Dedrick phe- 
nomenon (2) can be performed in cultures of rabbit tissues. The phe- 
nomenon represents a transformation of fibroma to myxoma virus. 
Results of experiments with heat-inactivated transforming agents pre- 
sented here indicate that this phenomenon is not dependent on rabbit cells 
or even on the virus of the Shope rabbit fibroma, for transformations took 
place in cultures of squirrel and of monkey kidney and in experiments in 
which the virus of squirrel fibroma (3, 4) was used. Test rabbits receiv- 
ing fluids from experimental cultures occasionally developed a disease 
termed ‘‘fibro-myxoma”’ that had a clinical picture common to both 


viruses. This condition evidently results from fibroma and myxoma 
viruses acting on the same rabbit under special but reproducible circum- 
stances. The discussion relates the findings obtained to the general 
subject of bacterial and viral transduction. 


Materials and Methods 


Modifications of earlier procedures (1) were as follows: 

Tissue culture.—Trypsinized kidney cells from monkeys, gray squirrels, 
and domestic rabbits were grown at 35° C. in 2-ounce prescription bottles 
containing 6 ml. of nutrient fluid. Medium 199 with 2 percent calf serum 
was used for monkey kidney and Melnick-Hanks’ medium (5), to which 
10 percent calf serum was added, for the other types of tissue culture. 
Cells harvested at the termination of transformation experiments were 
scraped from bottles with a rubber policeman. 

Testing of experimental fluids for virus.—Preparations tested in rabbits 
included different lots of TAM (transforming agent myxoma) and fluids 
harvested from transformation experiments. Two ml. specimens were 
divided between intracutaneous and intraperitoneal routes of inoculation. 
Fluids from transformation experiments were considered positive if 3 
rabbits, after inoculation with them on separate occasions, developed 
myxoma. 


' Received for publication September 20, 1957. 
* National Institutes of Health, U. S. Department of Health, Education, and Welfare. 
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Preparation of transforming agent—Myxoma virus was suspended in 
tissue-culture fluid containing 10 percent calf serum and concentrated by 
centrifugation at 40,000 r.p.m. for 40 minutes or at 30,000 r.p.m. for 2 
hours. The sediment was then resuspended in a volume equivalent to a 
1:2 suspension of the original rabbit myxoma. These suspensions were 
finally sealed in small ampoules and immersed in a water bath, 65° C., 
for 6 to 45 minutes. 

Inoculation of bottles —In general, doses used in initiating transforma- 
tion experiments consisted of 0.3 to 0.6 ml. of TAM and 0.5 ml. of a 1:10 
suspension of fibroma virus for each tissue-culture bottle, of which 2 were 
generally used for each experiment. The fibroma virus had a titer of 1075 
when tested in the skin of rabbits. 


Results 
Effect of Heat on Transforming Agent of Myxoma 


A question of importance was whether TAM preparations contained 
infectious virus that might have survived heating at 65° C. Each of the 
5 lots of TAM used was inoculated into 2 rabbits. None of these animals 
developed systemic or local signs of infection during an observation period 
of 2 weeks. As a further test, the lots of TAM were also inoculated into 
tissue cultures in the same manner as in transformation experiments. 
Fluids harvested 3 times a week from these cultures and cells harvested 
with fluids 10 to 12 days after inoculation likewise produced no visible 
reactions in a total of 36 rabbits. 

To test for the possibility of a ‘“‘zone-phenomenon,”’ 2 preparations were 
titrated and tested. 'TAM?’s 21 and 27 were titrated in the skin of a rabbit 
to dilutions of 10~*, but no systemic or local lesions developed in 2 weeks of 
observation. 

Heating at 65° C. for 3 minutes was sufficient to inactivate myxoma 
virus. This was shown by the injection of 3-minute samples from 3 
different lots of TAM (10, 11, and 13) into test rabbits. None of these 
inoculations induced reactions. 

A question had arisen as to whether exposure to 65° C. for 40 minutes 
might not be overheating the TAM preparations and reducing their 
effectiveness. Accordingly, TAM 13 was heated in 2 installments, some 
ampoules for 6 minutes and others for 45 minutes (table 1). Duplicate 
transformation experiments involving fibroma virus were then carried out 
in rabbit kidney cultures to compare the effect of shorter and longer 
exposures. Both sets of experiments were positive, the transformation to 
myxoma occurring in from 3 to 5 days. These experiments were repeated 
in monkey kidney cultures. In these trials the 6-minute preparation was 
negative, but the two 45-minute materials were positive. Transforma- 
tions to myxoma were accomplished with both types of TAM 13 in experi- 
ments performed with the squirrel fibroma virus (table 1). There was 
thus no indication that heating at 65°C. for as long as 45 minutes signifi- 
cantly decreased the transforming potential of myxoma virus. 
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TaBLeE 1.—Number of positive transformation experiments in relation to total number 
performed, type of tissue culture used, and preparation of transforming agent (TAM) 


TAM Kidney tissue culture 
Time Rabbit Monkey Squirrel* 
Lot No. ya ~ Number | Number | Number | Number | Number | Number 
_— positive | negative | positive | negative | positive | negative 
10 12 3 0 
11 12 7 0 = 
13A 6 12 0 0 1 2 0 
13B 45 3 0 2 0 1 0 
21 40 7 0 0 2 1 1 
27 40 4 0 2 3 — — 
27 40 3* 0 — 


*Squirrel fibroma virus was used; Shope rabbit fibroma was employed in all other experiments. 
Reproducibility of Transformations in Rabbit Kidney 


Results of 36 experiments carried out in cultures of rabbit kidney are 
summarized in table 1. All were positive. Transformations to myxoma 
virus were obtained with 5 different preparations of TAM heated for 
varying periods of time. The average time at which transformations were 
recognizable was 4 days. In 17 experiments, however, transformations 
took place in from 2 to 3 days. In 5 other experiments, the change to 
myxoma took 7 to 9 days. This last group included the only 3 experi- 
ments in which the fibroma virus was from rabbit tissue-culture passages. 
In all other experiments, 1:10 suspensions of cottontail and, in a few 
instances, of domestic rabbit fibromas were employed for the original 
inoculations. 

Two series of experiments were designed to test the predictability of 
results more closely. In each series, 6 bottles of rabbit-kidney tissue 
culture received the same mixture of TAM plus fibroma virus, one series 
receiving TAM 13 heated for 6 minutes and, a second, TAM 21 heated 
for 40 minutes. With TAM-13 experiments all cutures were positive in 
3 days. In the second series, half of the cultures were positive in 3 days 
and the remainder in 5 days. 

Most experiments consisted of 2 tissue-culture bottles, the harvests 
of which were pooled. Cell sheets were observed every 2 or 3 days. It 
was observed that, in experiments later found to be positive, the sheets 
of rabbit cells were thinner and had irregular holes with some heaping of 
cells at the margins. Such changes were also encountered in pure cultures 
of myxoma virus. Fibroma virus alone produced similar effects, but 
they were minimal and took longer to appear. It appeared possible that 
direct observation of tissue-culture bottles might reveal when virus trans- 
formation had taken place. Such appeared to be the case in 2 earlier 
experiments. In both, the cells of one bottle had a normal and of the 
other bottle a moth-eaten appearance. When fluids from these bottles 
were tested separately in rabbits, those from the normal cells induced 
fibroma and those from the moth-eaten cells myxoma. With continued 
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experience, however, direct observation appeared to be useful mainly as 
a rough guide. Some lots of rabbit-cell cultures thinned out spontane- 
ously, obscuring the specific cytopathogenic effect and, when virus trans- 
formations first took place, the effect on cell patterns was often not obvious 
for several days. 


Appearance of Fibro-Myxoma in Test Rabbits 


Fluids harvested in the first few days of an experiment usually produced 
only localized fibromas. Inoculation of rabbits with those harvested later, 
in positive experiments, led to formation of white pus about the eyes of 
test rabbits, and a diffuse thickening of the skin about the ears, head, and 
eyelids. The latter findings are characteristic of myxoma. Death took 
place in these animals 9 to 13 days after inoculation. Occasionally rabbits 
presented an intermediate condition, illustrated in figure 1. This animal 
had discrete tumors on ears, eyelids, nose, and under the fur of its back and 
feet. The tumors resembled fibromas both grossly and microscopically. 
They first appeared in 9 days and the rabbit died 19 days after inoculation. 
Its eyes remained bright although closed by large tumors of the eyelids. 
Other rabbits, less heavily involved with fibro-myxoma, were maintained 
for 5 or 6 weeks with apparent recovery. The condition might have been 
called generalized fibromatosis except for 2 considerations. First, systemic 
infection and death are features of myxomatosis and, second, when suspen- 
sions of these tumors were passed to other rabbits, the animals died of 
typical myxoma. 

Conditions under which fibro-myxoma might arise are shown in table 2. 
The table also illustrates the general procedure used in testing. Fluids 
harvested from a series of tissue-culture experiments were inoculated into 
the skin of a single rabbit, each at a separate site. If the rabbit developed 
only localized fibromas, there was no further testing. If the animal de- 
veloped myxoma, however, the fluids were tested again, each in an indi- 
vidual rabbit. Thus, fluids from experiments 47, 48, and 49 (table 2) 
induced only local fibromas when inoculated into one rabbit at 2 days and 
into another rabbit at 5 days after the experiments were begun. Fluids 
similarly tested on the 7th, 9th, and 12th days produced a different result, 
namely, fibro-myxoma. These fluids were then tested again, each in a 
single rabbit. As shown in table 2, fluids harvested from experiment 47 
after the 5th day induced myxomas, as did fluids from experiment 48 
after the 7th day. The 7-day fluid from experiment 48 led to fibro- 
myxoma. Fluids from experiment 49, in which no transformation took 
place, produced fibromas in all rabbits inoculated. The appearance of 
fibro-myxoma as the first stage in a subsequent transformation to typical 
myxoma, @ situation exemplified by experiment 48, was observed in the 2 
other rabbit kidney experiments in which this intermediate condition 
appeared. 

Table 2 also shows results of 2 experiments performed in monkey kidney 
cells and terminated on the 9th day. Of the 7- and 9-day fluids harvested 
from these cultures, those from experiment 1 produced only fibromas, 
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whereas those from experiment 2 led to fibro-myxomas. When fluids 
from the 2 experiments were inoculated into the same rabbits but at 
separate sites, fibroma-myxomas developed in the rabbits which received 
the 7- and 9-day fluids, but only fibromas developed in animals inoculated 
with fluids harvested 2 and 5 days after inoculation. 


Production of Fibro-Myxoma by Direct Methods 


A first impression was that fibro-myxoma might be due to a virus 
half-way transformed and intermediate in nature. Experiments pre- 
sented in table 2, however, suggested that fibro-myxoma could result 
from a mixture of viruses. If a tissue-culture fluid contained a relatively 
large amount of fibroma and only a few particles of transformed myxoma, 
the latter agent would be at a disadvantage. It might reach sufficient 
numbers to invade only when its host had an incipent immunity due to the 
fibroma. An experiment was designed to test this hypothesis. Four 
rabbits were inoculated with fibroma virus intradermally. On the 
following 4 days, one rabbit per day was inoculated with myxoma virus 
on the opposite side. Thus each rabbit received one inoculation of 
fibroma and, after an interval, one of myxoma. The dose for each virus 
was 0.5 ml. of 1:10 suspension of rabbit tumor. Results are given in 
table 3. Rabbits A and B. which received myxoma at the 1- and 2-day 
intervals, developed typical myxoma, unaffected by the fibromas, which 
reached a large size. Rabbit C had already developed a fibroma when 
it was inoculated with myxoma at the 3-day interval. Seven days 
later this animal presented a picture of fibro-myxoma. There were 
multiple, discrete tumors over the body which resembled fibromas 
grossly and in histologic sections prepared 6 days after their appearance. 
On passage, however, a suspension of these secondary tumors induced 
typical myxoma. Rabbit D received myxoma 4 days after fibroma 
virus. Local tumors arose at sites of inoculation of both agents, but 
signs of systemic, generalized disease did not develop within 10 days 
of observation. Rabbits B’ and C’ (table 3) represented repetitions of 
the 2- and 3-day experiments, respectively. On this occasion, both 
animals developed fibro-myxoma. 

Experiments presented in table 2 gave evidence that fibro-myxoma 
could be produced if fibroma and myxoma viruses were inoculated in the 
right sequence and that, under suitable conditions, the more virulent 
agent might produce pathological findings indistinguishable from those 
of the less virulent fibroma virus. 


Experiments in Monkey Kidney 


Myxoma-fibroma virus transformations did not depend on rabbit 
tissue. On discovery that fibroma and myxoma viruses could be propa- 
gated in cultures of monkey kidney, transformations were attempted in 
these cells. Table 1 presents results of lu such experiments. Four 
became positive on an average of 6 days after inoculation. Fibro-myxoma 
was produced by earlier fluids from 2 of these 4 experiments. In con- 
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trast, only 3 of 36 experiments in rabbit kidney had fluids that led to this 
intermediate condition. The less successful results in monkey kidney 
were not due to a diminished growth of virus. Fluids from one positive 
experiment, for example, had a titer of 10~? at 3 days and of 10~* at 8 days, 
as shown by titrations in the skin of a rabbit. Virus titers were no higher 
in positive rabbit kidney experiments. 


Transformations Effected with Squirrel Fibroma Virus 


The virus of cottontail fibroma (Shope) is not the only live agent to work 
in the Berry-Dedrick transformation, since the virus of squirrel fibroma is 
also effective. Squirrel fibroma virus differs from that of the Shope cot- 
tontail fibroma in several respects (3, 4). First in regard to host spec- 
ificity, for neither agent is infectious for the natural host of the other, 
although the squirrel virus will infect the domestic rabbit for one passage 
only. Second, the primary tumor in squirrel fibromatosis is often followed 
by widespread metastatic tumors which may be fatal for suckling squirrels, 
the natural hosts. Adult gray squirrels are resistant to infection. Cross- 
neutralization and histological response, however, indicate that the 2 
fibroma viruses are closely related. Squirrel fibroma-rabbit-myxoma 
transformation experiments are presented in table 1. Of 5 performed in 
cultures of squirrel kidney, 4 were positive—transformations taking place 
on an average of 5 days after inoculation. Test rabbits inoculated with 
positive fluids developed typical myxoma. A few of the early fluids 
induced fibroma-myxomas. When it was discovered that the squirrel 
agent would also grow in cultures of rabbit kidney, these were tried in 3 
additional experiments (table 1). Transformations took place in all of 
them, though 3 different sources of squirrel virus were used. These 
sources were fibroma from a gray squirrel, fibroma from a woodchuck, 
and 6th passage of squirrel virus in rabbit kidney. 


Discussion 


One would like to know whether transformation of fibroma to myxoma 
virus represents a genetic recombination, mediated by nucleic acid, and is 
therefore comparable to the transduction of pneumococcal types. Exper- 
iments are being continued in an effort to solve this problem. Until 
definite information on the mechanism involved is available, however, it 
has seemed preferable to retain the general term “‘transformation’’ in 
regard to the Berry-Dedrick phenomenon. In the tissue-culture experi- 
ments described, no attempts were made to convert myxoma into fibroma. 
It is easier in such experiments to demonstrate an increase in virulence 
rather than a decrease, and this situation is analogous to the discovery of 
pneumococcal transformation by Griffith (6). He demonstrated that a 
rough, avirulent (type II) organism which would not kill mice alone would 
do so if inoculated with a large amount of a heat-killed virulent strain, 
(type III). Rabbit fibromas offer a parallel, since they are benign lesions 
limited to sites of virus inoculation. The invasive myxoma virus, on the 
other hand, causes a systemic infection which is almost universally fatal 
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rabbits. Such differences in effect produced by 2 related agents make 

m convenient for a study of genetic recombination, if such it is, among 

mal viruses. The end point of the system is clear and definite. 

issue cultures are apparently more successful than the rabbit in 

»viding a substrate for the transformation of fibroma to myxoma virus. 

veral factors possibly contribute to this result. First, heat-inactivated 

soma and the live fibroma virus may have a greater chance of entering 

-same cells if placed together with a relatively small amount of tissue 

vitro. In vivo, they may become dispersed by circulating body fluids 

d leukocytes. Thus dosage is more subject to control by the tissue- 
culture method. Second, some cells, freed by trypsinization from such 
ai organ as the kidney, become more phagocytic when cultured on glass. 
Consequently, they might be expected to be more receptive to heat- 
inactivated virus particles or to molecules of nucleic acid. 

Recognition and isolation of a variant arising from transformation 
experiments might be difficult in vivo considering that fluids inoculated 
often contained a mixture of fibroma and myxoma viruses. The appear- 
ance of fibro-myxoma was suggestive of an intermediate variant. Mac- 
Leod and Krauss (7) demonstrated “step-wise” transformation when they 
separated out an organism forming rough colonies like type II but having 
the surface antigen of type III pneumococcus. They were able to 
separate the variant by means of type II R-antiserum. Antisera are 
unlikely to be of comparable value in fibroma-myxoma transformations, 
since the 2 agents are similar antigenically. Furthermore, it appears 
more likely that fibro-myxoma results from a mixture of viruses, whether 
these are inoculated in suitable proportions at the same time or separately 
at an appropriate interval. When myxoma virus invades a rabbit with 
incipient immunity, it produces tumors indistinguishable from fibromas. 
A second passage, however, reveals that its potential virulence is un- 
diminished. 

A final question is raised but not answered in present experiments. 
One would like to know whether viruses as specific for their rabbit host 
as fibroma and myxoma enter into a recombination with nucleic acid or 
other constituent of host cells. Transformation in tissue culture may 
offer a tool for studying this problem. A finding suggestive of this 
possibility was that transformations took place less frequently and at 
longer intervals in monkey kidney cells, even though the 2 viruses used 
multiplied readily in these cultures. 


Summary 


1) Transformation to live myxoma takes place in a high percentage of 
experiments in which mixtures of fibroma virus and heat-inactivated 
myxoma are added to cultures of rabbit kidney. 

2) Myxoma virus causes cytopathogenic effects which, in some experi- 
ments, suggested that transformations took place in vitro rather than in 
the test rabbits. 


3) Rabbits inoculated with fluids from cultures in which transforma- 
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tion had taken place developed typical myxoma, except for a few which 
developed an intermediate condition termed “fibro-myxoma.”’ Evidence 
from direct experiments suggested that fibro-myxoma resulted from 
inoculation of a rabbit with a large amount of fibroma and a relatively 
small amount of myxoma virus. 

4) Virus transformation took place in 4 to 10 experiments performed 
in cultures of monkey kidney. 

5) Squirrel fibroma virus led to transformations to live rabbit myxoina 
in nearly all experiments in which it was used, whether in squirrel or 
rabbit kidney cultures. 
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Ficure 1.—Rabbit with fibro-myxoma, 12 days after inoculation with tissue-culture 
fluid from transformation experiment. Arrows point to large, discrete tumors on 
upper eyelid and along ear. 
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Cytochrome c and Myoglobin in Rats 


Bearing the Walker Carcinosarcoma 
256 


Raps F. Kampscumipt, MABELLE E. Apams, and 
Tuomas A. McCoy, Biomedical Division, The Samuel 
Roberts Noble Foundation, Inc., Ardmore, Oklahoma 


The most consistent and striking effects noted in the host tissues of the 
tumor-bearing animal are changes in the concentration of the components 
containing iron (1). Both hepatic catalase and hemoglobin have been 
shown to decrease very soon after tumor implantation, and catalase 
rapidly increased after the removal of the tumor (2, 3). Furthermore, an 
extract of tumor injected into a normal animal has been shown to lower 
hepatic catalase within 24 hours (4), but the fate of other iron-containing 
proteins and enzymes in tumor-bearing animals has been described only 
incompletely or controversially. Under these circumstances, it seemed 
advisable to present a reasonably complete picture of iron storage and 
other factors which could be directly involved in iron metabolism in the 
tumor-bearing animal. The present report describes some results of these 
investigations. 

Materials and Methods 


Twenty-seven pairs of Holtzman rats were used in these experiments. 
The rats were females of the same age and weighed 180 to 200 gm. One 
rat of each pair was given an intramuscular injection of tumor suspension 
in both rectus femoris muscles, according to the method of Talalay et al. (5). 
The rats were given free access to Purina laboratory chow and water, 
and the tissues were analyzed 19 days after tumor inoculation. 

Hemoglobin was measured as the metcyanide derivative at 540 my (6); 
storage iron in the liver, spleen, and tumor was determined by the method 
of Gabrio et al. (7); and plasma iron was measured by combination with 
2,2’,2’’-terpyridine as described by Schade ef al. (8). The catalase ac- 
tivity was determined ‘after diluting the perfused liver or kidney with 
distilled water so that it would contain 3 to 5 mg. dry weight of tissue per 
ml. The tissue was homogenized for 2 minutes in a ground-glass homog- 
enizer and assayed within 1 minute by the method of Bonnichsen ef al. 
(9). Reaction times of 10, 20, and 30 seconds were employed. The 
catalase units were equal to K, X dilution per dry weight in gm., where 
K, was the pseudo first-order rate constant (9). Cytochrome ¢ was 
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measured by using the kidney enzyme preparation, according to the 
procedure of Potter and DuBois (10). These results were checked by the 
Rosenthal and Drabkin method (11). 

Myoglobin was determined by combining and modifying several 
methods (12-14). Muscle (0.5-5 gm.) was frozen and then pulverized by 
grinding with dry ice. This homogenate was extracted overnight at 
0° C. with 8 volumes of water. After centrifugation, 2 volumes of sat- 
urated basic lead acetate were added to the supernate; the excess lead 
acetate was removed by adding 1 volume of 3 M phosphate buffer, pH 
6.6, and filtering through Whatman #42 filter paper. The final volume 
was measured and corrected by assuming an equal distribution in the 
residue—multiple extractions indicated that this assumption was valid. 
The heme was converted to the carbon monoxide derivative, and by using 
the extinction coefficients of pure carbon monoxide hemoglobin and 
carbon monoxide myoglobin, the total heme concentration and the 
percentage of the heme contributed by myoglobin were calculated. 


Results 


A description of the rats at the end of the experiment, including data 
on some iron-containing proteins, will be found in table 1. While the 
total body weight of the tumor bearers was more than the controls, the 
actual carcass-weight gains were much less than the body-weight gains 
of the normal animals. As might be expected, the liver weights of the 
tumor bearers were approximately twice as much as the controls, and 
the spleen weights were approximately five times that of the controls. 

The tumor-bearing animals showed a slight anemia, and there was a 
marked decrease in both liver and kidney catalase. The tumor bearers 
were carrying about one third of the normal plasma iron, and also had 
less total capacity for transporting iron. The concentration of ferritin in 
the tumor-bearing rats was decreased to about one half the normal level 
of the liver and about one fifth of the normal level of the spleen. How- 
ever, due to the weight increase of the liver and spleen, the storage iron 
in the total organs remained fairly constant. 

The myoglobin concentration in the heart, diaphragm, gastrocnemius, 
masseters, triceps, and tumor is shown in table 2. There was a slight 
increase of this protein in 4 out of 5 tissues in rats bearing the Walker 
tumor. It should be pointed out that while the Walker tumor has a 
very white appearance, there was (105 + 17) 10-° M of myoglobin per 
gm. dry weight of tumor. 

While there was no notable change of cytochrome ¢ concentration in 
the liver, there was a significant decrease in the heart, kidney, masseters, 
and triceps (0.01 P) in the tumor-bearing animals (table 3). The changes 
for each of these tissues in the tumor bearers were: heart—61 percent, 
kidney—65 percent, masseters—73 percent, and triceps—64 percent that 
of the concentration in the corresponding tissues of the paired controls. 
. In an effort to correlate the cytochrome c changes with progressive 
tumor growth, the concentration of this enzyme was compared to a tumor 
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TaBLE 1.—IJron distribution in normal rats and rats bearing the Walker carcinosarcoma 256 


Tumor- 


Normal rats bearing rats 


0.5+ 0. 2.8 + 0. 


Plasma bound iron (pg. %).......0scccscccsccccves 242 + 13 90 + 3 
Plasma unsaturated iron-binding capacity (ug. %)....| 108 + 14 135 + 11 


Liver catalase (catalase units)................000005 5040 + 140 | 1810 + 80 
Kidney catalase (catalase units).................... 1170 + 80 


Liver ferritin (mg. Fe/gm. dry wt.)................. 0.62 + .03 | 0.37 + 0. 05 
Liver hemosiderin (mg. Fe/gm. dry wt.)............. 0.06 +.01 | 0.054 0.01 
Spleen ferritin (mg. Fe/gm. dry wt.)................ 2.84 +.21 | 0.47 + 0.08 
Spleen hemosiderin (mg. Fe/gm. dry wt.)............ 0.19 + .02 | 011+ 0.02 
Tumor ferritin (mg. Fe/gm. dry wt.)................ — 0.08 + 0.01 


Tumor hemosiderin (mg. Fe/gm. dry wt.)............ — 0.05 + 0.01 


*Mean + standard deviation of the mean. 


TABLE 2.—Myoglobin in tissues from normal rats and rats bearing 
the Walker carcinosarcoma 256 


Moles of myoglobin per gm. 
dry weight < 10° 


Tissue Tumor-bearing 


Normal rats | (19-day) 


722 + 44 684 + 43 
217 + 12 282 + 14 


— 105 + 17 


weight: body weight ratio, and the results are shown in text-figure 1. 
Each point in this text-figure is the average value obtained from the 
analyses of tissues of 4 to 8 rats. It can be seen that as the tumor weight 
approached 20 to 25 percent of the body weight, there was a progressive 
decrease in the concentration of cytochrome ¢ with respect to the normal 
value; and this decrease was more pronounced in the masseters. 
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TABLE 3.—Cytochrome c in tissues from normal rats and rats bearing 
the Walker carcinosarcoma 256 


Moles of cytochrome ec per 
gm. dry weight 109 
Tissue . 
Tumor-beari 
Normal rats rats (19-day) 
16 + 1 17+1 


(% of Normal Value) 
ro} 


Cytochrome C 


0 005 O10 O18 020 025 
Tumor Weight/ Body Weight 


TEXtT-FIGURE 1.—Cytochrome c in rats bearing the Walker carcinosarcoma 256. 
Discussion 


The presence of the tumor did not significantly alter the concentration 
of myoglobin in the tissues studied. While the average concentration of 
this pigment in muscle tissue was slightly higher in the tumor bearer, 
this could be explained by the removal of proteins and/or fats that were 
more labile to the stress of tumor growth. To substantiate this, however, 
it would be necessary to use larger groups of animals or ones displaying 
a more pronounced cachexia, especially since the authors have been 
unable to find any information regarding myoglobin concentrations in 
the tumor-bearing host. 

There have been a number of reports on the cytochromes in relation to 
tumor growth. Greenstein e¢ al. (15) found no change from normal values 
in the cytochrome oxidase of the liver of two patients who had died of 
leukemia, but both patients had received X irradiation prior to death. 
Greene and Haven (16) reported significant increases in liver cytochrome 
oxidase in rats bearing the Walker tumor, and Prader and Gobat (7) 
noted a reduction of cytochrome c in liver and muscle tissue of mice with 
breast cancer. In the present study, while there was no significant change 
of cytochrome ¢ in the liver, significant reductions were noted in the heart, 
kidney, masseters, and triceps of the tumor-bearing rats. Further, the 
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amount of cytochrome c progressively decreased as the tumor weight: 
body weight ratios increased. A similar correlation was reported by 
Prader and Gobat (17) in regard to cytochrome ¢ decreases and progressive 
tumor growth in mice. 

An explanation for the decrease in cytochrome c in the host tissues of 
the tumor bearer is difficult at the present time. While the animals in the 
present experiment were slightly anemic, previous investigators found no 
relationship of cytochrome concentration to anemia (18) or a protein- 
deficient diet (19). Further, a loss of protein from the tissues could 
hardly apply to the heart and kidney, where such a loss appeared negli- 
gible. If the reduction of cytochrome c in muscle tissue is to be attributed 
to a decreased synthesis (rather than an increased destruction) it would 
be necessary to assume a shorter lifespan for cytochrome c in rat muscle 
than those reported by Theorell et al. (14) for guinea pigs. 


Summary 


Rats bearing 19-day-old Walker carcinosarcoma 256, weighing approxi- 
mately 20 percent of the body weight, were used to investigate the concen- 
trations of myoglobin and cytochrome ¢ in the host tissues. Myoglobin 
in the heart, diaphragm, masseters, gastrocnemius, and triceps showed no 
significant change in concentration from the normal levels. The average 
cytochrome ¢ concentrations of the heart, kidney, masseters, and triceps 
in the tumor-bearing rats were 30 to 40 percent below the concentrations 
in the corresponding normal tissues. 
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Neoplasms in Hamsters Induced by 
Mouse Tumor Agent Passed in Tissue 
Culture ! 


Bernice E. Eppy, Saran E. Srewart, Rate 
Younc, and G. Burrovcus Miper, Division of 
Biologics Standards * and National Cancer Institute,’ 
Bethesda, Maryland 


This report is concerned with the capacity of preparations from tumors 
of mice to elicit neoplastic responses in hamsters after incubation in 
tissue cultures of mouse embryo cells. 

Incubation of a number of known viruses in tissue cultures often results 
in the multiplication of virus particles, as shown by precise quantitative 
measurements (1-3). Cell-free extracts or filtrates of certain mouse neo- 
plasms have been shown to influence the occurrence of a few tumor types 
when injected into newborn mice during the first day of life (4-7). The 
tumor-producing capacity of such extracts can be increased by their 
incubation in tissue cultures of cells from monkey kidney (8, 9) or from 
mouse embryos (10) as shown by: 

1) Increased frequency of a specific anatomical type of neo- 
plasm, such as pleomorphic tumors of the parotid gland; 

2) pronounced decrease in the age at which neoplasms appear; 

3) occurrence of a variety of other cancers at a relatively early 
age. 


Materials and Methods 


Tissue cultures——Embryos were removed aseptically from Swiss mice 
in the 14th to 18th day of gestation, minced, treated with 0.25 percent 
trypsin, washed, suspended in nutrient fluid, and dispensed in 2-ounce 
prescription bottles by Youngner’s technique (1/1). Medium 199 (12), 
to which was added calf serum heated to 56° C. for 30 minutes, penicillin 
G to make 100 units per ml., and streptomycin to make 100 ug. per ml., 
was used for all cultures. Growth of the cells was initiated with 2 percent 
calf serum in medium 199, and the cells were maintained in 1 percent calf 
serum in medium 199. Prescription bottles containing the cells were 
incubated in a horizontal position at 36° C. for 2 to 4 days, when a sheet 
of cells covered the side of the bottle. The initial nutrient fluid was then 
removed and 8 ml. of maintenance fluid added. Cultures were inoculated 
at this time as needed, and the remainder were stored at room temperature 
for up to 10 days to serve as a source for additional stock cultures. Cell 

' Received for publication October 17, 1957. 
2 National Institutes of Health, Public Health Service, U. 8. Department of Health, Education, and Welfare. 
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cultures were inoculated with either a 5 mm. loopful of finely minced 
tumor tissue or 1 ml. of the supernatant fluid obtained from centrifugation 
of a 10 to 20 percent suspension made by grinding the weighed tumor tissue 
with sterile alundum and diluting it with Earle’s balanced salt solution 
(13). Uninoculated control cell cultures were maintained with each 
experiment. All cultures, either inoculated or control, were kept at 
36° C. 

The cultures were observed for cytopathic changes, and the nutrient 
fluid was removed and replaced at weekly intervals. Only fluids from 
cultures which had been maintained for approximately 2 weeks or longer 
were passed to new cultures or were used to inoculate animals. Tissue- 
culture passages were made by transferring 2 ml. of fluid from a culture 
which had been maintained for 2 weeks or longer to a bottle containing 
a sheet of cells and 8 ml. of maintenance medium. 

The tissue-culture fluids that were used for inoculating newborn 
hamsters were refrigerated at 4° C. immediately after harvesting and 
were kept at this temperature for varying periods. The cells and cell 
debris in the fluids were allowed to settle out and the supernatant fluids 
were used for animal passage in tissue culture or for inoculating hamsters. 

Hamsters.—Hamsters (Criceti aurati) used in the study were raised 
in the Animal Production Section of the National Institutes of Health. 
Each litter was housed in a metal cage, fed Purina laboratory chow, and 
given tap water ad libitum. Cannibalism of the young hamsters by 
mothers was a serious problem, and on occasions the diets of mothers of 
newborn hamsters were supplemented with horse meat, kale, or bread and 
milk. All hamsters were less than 1 day of age when injected with 
tissue-culture fluid. 

The dose of tissue-culture fluid administered to each animal was 0.2 
ml. by subcutaneous injection. The hamsters were observed daily for the 
development of gross tumors, symptoms of disease, or death. Moribund 
animals were sacrificed. 

The tissues of animals that contained tumors were fixed in Tellyes- 
niczky’s formalin-acetic acid-alcohol fluid (14), embedded, sectioned, and 
stained with hematoxylin and eosin.? The tissues of a few animals were 
fixed in Zenker’s fluid. 

Sources of tumor-producing material—Supernatant fluids from tissue 
cultures inoculated with material from 3 tumors were used. Fluids from 
these cultures had produced neoplasms when injected into day-old mice 
(10). Descriptions of the fluids follow: 


Fluid #3469.—Tumor tissue from an AKR mouse with spontaneous leukemia was 
minced and placed in monkey kidney tissue cultures. Newborn mice were inoculated 
with fluid from these cultures, #24424, 31 dayslater. Parotid-gland tumors developed, 
and 1 mouse was sacrificed when 162 days old. Tumor tissue from this mouse was 
weighed, ground with alundum, and diluted with balanced salt solution (13), which 
contained penicillin and streptomycin, to make a 10 percent suspension. The heavier 
particles were allowed to settle out, and the supernatant fluid from the suspension was 


3 Acknowledgment is made of the indispensable assistance of Joseph M. Albrecht and associates in preparing 
the tissues for histological examination. 
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added to monkey kidney tissue cultures. After incubation, the supernatant fluid 
from these cultures was pooled and designated #3469. A second passage was made in 
monkey kidney tissue cultures (8, 9), and subsequent passages were made in mouse 
embryo tissue culture as described. The sixth-passage tissue-culture fluid became 
contaminated with bacteria and was filtered through a Seitz S3 filter. Fluids from 
the thirteenth tissue-culture transfers were held at 4° C. for 8 days; otherwise, all 
passages in tissue cultures were made as soon as the fluids were harvested. Samples 
of the thirteenth and sixteenth serial passages in vitro were injected into newborn 
hamsters. 


Fluid #3919.—Fourth-passage tissue-culture fluid #3469 (2 passages in monkey 
kidney and 2 passages in mouse embryo) was injected subcutaneously into newborn 
(C3Hf X AKR)F, hybrid mice. Two of these mice, which were markedly dwarfed, 
were sacrificed at 29 days of age. The livers, spleens, and parotid glands, which 
appeared grossly normal, were minced and stored in the frozen state for 2 days, then 
added to bottles of mouse embryo tissue cultures, #3672. Third-passage fluid from 
these cultures was injected into newborn mice. Tumors were induced, and a parotid 
neoplasm from 1 mouse, sacrificed at 65 days of age, was ground with alundum and 
diluted with Earle’s balanced salt solution (13) to make a 20 percent suspension. 
Supernatant fluid from this tumor suspension was added to mouse embryo tissue- 
culture bottles, designated #3919. Observed under the low-power lens of the micro- 
scope, tissue cultures inoculated either with #3469 or #3919 appeared like control 
cultures. Inoculum for hamsters was obtained from the seventh serial passage in 
vilro. 


Fluid #3791.—Supernatant fluids from tissue cultures of mouse embryo cells in- 
oculated with cell-free extract from transplantable mouse leukemia #60 (7) were in- 
jected into newborn mice. A thymoma from a mouse sacrificed at 115 days of age 
was minced and added to mouse embryo tissue culture #3791. Patches of small, 
dark, pyknotic cells were noted in these cultures during the 4th week and during the 
3rd or 4th weeks of subsequent passages. Many baby mice receiving this material 
died, as did some baby hamsters. No cytopathic changes were seen in control cultures 
maintained along with test cultures. Tumors were induced by fluids from cultures 
which showed no degenerative changes; supernatant fluid from the eighth passage in 
tissue culture was used in the hamsters. 


Tissue from transplanted leukemia #60 was also ground with alundum, diluted with 
Earle’s balanced salt solution, and the supernatant fluid obtained by centrifugation 
was used as an inoculum for newborn hamsters. Preparations of this tumor have 
increased the frequency of leukemias and induced pleomorphic tumors of the parotid 
gland when injected into newborn (C3Hf * AKR)F;, mice (7). 


Control tissue cultures —Fluids from each lot of mouse embryo tissue 
cultures, which had been kept at 36° C. from 2 to 4 weeks, were transferred 
to a new lot of mouse embryo tissue cultures. Two ml. of fluid was used 
for a 2-ounce bottle containing a complete sheet of cells and 8 ml. of 
maintenance medium. Random samples of these fluids were administered 
subcutaneously to newborn hamsters, which were observed for the de- 
velopment of neoplasms. 


Results 


Sixty-one hamsters received a single subcutaneous injection of 0.2 ml. 
of one or another of the 3 tissue-culture fluids, within 24 hours of birth. 
Thirty-four of these animals developed one or more neoplasms (figs. 1 
and 2) within 6 months—a frequency of 56 percent; but half of all hamsters 
that developed neoplasms did so within the first 33 days after injection. 
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Cannibalism was a serious problem. Animals dying during the night were 
almost completely devoured. If the 21 hamsters lost to examination 
through cannibalism be eliminated from further consideration, the effec- 
tive total available for detailed study is reduced to 40 and the frequency 
of tumorous subjects within the group becomes 85 percent. 

The experience with each of the 3 fluid inocula, in relation to types of 
neoplasms produced, is presented in table 1. Table 2 presents data on 
the relationship between time of appearance of tumor, type of tumor, 
and source of inoculum. Differences in response can be noted, but each 
of the fluids produced both sarcomas and angiomatous neoplasms. The 
hamsters receiving fluid #3791 died very early with renal sarcomas—the 
first tumor noted was in an animal that died 12 days after injection. 
It should not be inferred that the renal lesions necessarily killed these 
animals, since in some of them non-neoplastic changes were found that 
could have been responsible for the early demise. The other fluids elicited 
sarcomas at multiple sites. The times at which 50 percent of the hamsters, 
based upon effective total, had developed sarcomas were: 

Fluid #3791 21 days 

Fluid #3919 31 days 

Fluid #3469 46 days 
The temporal relationships represent only approximations, since canni- 
balism required prompt sacrifice at the first sign of illness. Subcutaneous 
tumors were noted some time prior to the date of death in some cases. 


TABLE 1.—Occurrence of neoplasms in hamsters 


Inoculum: #3791 #3919 


Hamsters injected 
Cannabalized 


15 
4 
11 


Hamsters with neoplasms 
Hamsters with sarcoma 
Sites: 
Kidney 
Subcutaneous tissue 


Stomach or intestines................... 
Angiomatous tumors 


CO 


TABLE 2.— Time of appearance of neoplasms in hamsters 


Fluid Type of Time of appearance (weeks): * 
No. | neoplasm 8 12 16 20 | 24 28 (weeks) 


3791 1/1 
3919 Sarcoma.... ‘ 8/8 1/1 
3469 : 6/6 3/6 1/1 
3791 1 0/1 
3919 Angioma... 7/8 0/1 
3469 5/6 0/6 0/1 


*Numerator: number of hamsters with tumor; denominator: number of hamsters dying during period. 
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Most of the neoplasms found in these hamsters were sarcomas composed 
predominantly of well-differentiated spindle-shaped (fig. 4) or stellate 
cells (fig. 3). Some of the lesions had an abundant fibrous matrix, but 
most of them contained comparatively little collagen. Each tumor 
measuring 1 cm. or less in greatest dimension had a rather uniform 
architecture, but variation in histological appearance characterized each 
of the larger sarcomas; some contained areas of “palisading” which 
mimicked the appearance of human neurinomas (fig. 6), while others 
contain focal areas of polygonal anaplastic cells in which a few bizarre 
tumor giant cells could be found (fig. 5). Many of the sarcomas were 
circumscribed, but some invaded adjacent tissues. No correlation 
between anatomical site and histological appearance was evident. 

Since sarcomas were confined to the subcutaneous tissues in 1 hamster 
and to the kidneys in 6 others, it is clear that either of these sites may 
give rise to such neoplasms. One gains the impression, however, that 
the other sarcomas are aiso primary, but this point cannot be proved. 
Only 2 hamsters had metastatic lesions in the lungs—thrombi of sarcom- 
atous cells; another had a metastasis in the liver. If the multiple sar- 
comas growing in the other organs and tissues are metastatic, the fre- 
quency of clearly metastatic deposits in the lungs and livers is remarkably 
low. 

Sarcomas in the heart were frequently multiple and were seen in the 
walls of all chambers. A solitary lesion involved only a papillary muscle 
in the left ventricle in one animal, but most of the sarcomas were several 
millimeters in diameter. They interfered with cardiac function as 
evidenced by pronounced acute or chronic passive congestion of the liver 
in some hamsters and extreme degrees of pulmonary edema in others. 

Renal sarcomas were located most commonly at the corticomedullary 
junction, where the smallest tumors appeared to lie in close proximity to 
blood vessels. Some lesions arose in the calyceal tips or even in the 
pelvic submucosa, but no hydronephrosis was seen even though the 
lesions were as large as 2 cm. in greatest dimension. 

The smallest gastrointestinal sarcomas lay in the tunica propria or in 
the subserosal connective tissues. Those on the mucosal surfaces were 
often hemorrhagic. One hamster apparently died of intussusception. 

Cavernous hemangiomas were the most common vascular tumors 
found affecting the livers of 14 hamsters, the ovaries of 2, and the lungs 
of another. The greatly distended thin-walled veins were often throm- 
bosed. Two hamsters had hepatic hemangioendotheliomas in which 
proliferation of vascular endothelium (fig. 7) was a conspicuous feature. 

The only other neoplasms found in this experiment were 3 pulmonary 
tumors presenting a common appearance (fig. 8) but not sufficiently 
characteristic to permit their accurate classification at this time. Each 
of the lesions appeared as a globular, dark-red mass 3 to 4 mm. in diameter 
immediately beneath the pleura. Histological examination revealed a 
circumscribed collection of indistinctly outlined polygonal cells with pale- 
staining, irregularly vacuolated cytoplasm and ovoid, finely granular 


Vol. 20, No. 4, April 1958 


| 
ra 
= 
4 


752 EDDY, STEWART, YOUNG, AND MIDER 


nuclei containing one or two prominent nucleoli. Some cells were lined 
up to form rows, some enclosed tiny spaces, but most of them followed 
no particular arrangement. Intratumoral hemorrhage was a conspicuous 
feature in each, occurring in the part of the lesion adjqcent to the lung 
tissue. The periphery of each neoplasm lay immediately beneath the 
pleura. These tumors appear malignant but do not resemble carcinomas 
of the lung. 

Attempts to transplant sarcomas to other hamsters were unsuccessful. 
No neoplasms have appeared among 93 hamsters injected during the first 
day of life with fluid from control, uninoculated tissue cultures of mouse 
embryo cells. The oldest of these subjects is now 7 months of age. 

No tumors have appeared among the 9 hamsters inoculated with extract 
made from tissues of mice bearing leukemia #60. These animals are now 
5 months old. 

Additional experiments are in progress. Injection of each of the fluids 
from later passages in tissue culture continues to elicit sarcomas and 
vascular neoplasms with high frequency. Cultures of mouse embryo 
cells inoculated with extracts from hamster sarcomas elicit neoplasms 
when injected into newborn hamsters or into newborn hybrid mice pro- 
duced by mating strains C3H and AKR. Fluids that evoke neoplasms 
in hamsters can be stored for as many as 12 days at 4° C. without any 
obvious reduction in potency. 


Discussion 


Comparatively little information on spontaneous tumors in golden 
hamsters is available. Ashbel (15) reported that only 13 tumors were 
observed among 1,000 hamsters. Habermann (1/6) examined 171 ham- 
sters 7 to 11 months of age and 342 that were 3 to 5 months of age and 
found only 1 neoplasm, a cystic mammary adenocarcinoma. Smith (17) 
observed 8 tumors among 75 hamsters that were at least 455 days old: a 
bilateral ovarian cyst; a tumor involving the intestine, lymph nodes, and 
spleen; a “possible neoplasm” of the salivary glands; a subcutaneous 
tumor in the region of the left shoulder; 2 adrenal tumors; a tumor of the 
pancreas; a metastatic tumor in the peritoneal cavity; and tumors in the 
region of the salivary glands and lymph nodes. 

Neoplasms have been induced in hamsters by certain hormones and 
chemical agents, but the time of appearance and the types of tumors were 
different from those reported herein. Sarcomas of the lymph node, skin, 
cheek, or jaw have been induced with benzopyrene (18, 19) and 7,12- 
dimethylbenz[aJanthracene (9,10-dimethyl-1,2-benzanthracene) (19-21); 
benign papilloma to squamous-cell carcinoma in cheek pouch of hamsters 
with 7,12-dimethylbenz[aJanthracene, 3-methylcholanthrene, and benzo- 
[a]pyrene (22); melanotic skin tumors with 7,12-dimethylbenz{a]anthra- 
cene (23, 24); massive hypophyseal adenomas invading the hypothalamus, 
and kidney adenomas arising from the epithelium of the renal pelvis in 
male hamsters with diethylstilbestrol (25-27); subcutaneous spindle-cell 
fibromas (28) and benign uterine fibroids with diethylstilbestrol and 
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testosterone propionate (27); leiomyoma of the uterus and epididymis 
with diethylstilbestrol and testosterone propionate (29); and hepatomas 
with ethinyl estradiol and fenocylin (30). The earliest tumors were re- 
ported to appear in the cheek pouch of 3-month-old hamsters after 4% 
weeks of treatment with 7,12-dimethylbenz[ajanthracene (31). To in- 
duce tumors with estrogen, treatment for over 150 days was required. 
Metastases occurred in the abdominal cavity, particularly on the ab- 
dominal surface of the diaphragm but rarely on the surface of the liver, 
stomach, or intestines (32). Untreated hamsters used to control some 
of the experiments herein cited (19, 20, 22) did not develop the same types 
of tumors noted in the subjects that received carcinogenic agents. The 
data on total tumor incidence in these control groups are not given in 
detail. 

The experiences cited are quite different from those obtained in our 
experiments, but the techniques are entirely different. Day-old hamsters 
may ultimately prove to be highly susceptible to the action of many 
known carcinogenic agents. More important is the relative paucity of 
spontaneous neoplasms occurring among untreated hamsters. Injection 
of supernatant fluids from cultures of mouse embryo cells, into which 
extracts of certain murine neoplasms have been introduced, is clearly 
followed by a higher frequency of neoplasms than would be expected and 
at an age when extremely few spontaneous neoplasms have been described 
in hamsters. The response is also different from the one occurring after 
administration of comparable material to newborn mice (8-10). Ham- 
sters develop sarcomas and vascular tumors almost exclusively, whereas 
mice exhibit a considerably wider variety of neoplasms. 

Nothing is known of the nature of the agent responsible for the occur- 
rence of the hamster tumors. The fluids were not passed through bac- 
teria-proof filters and almost certainly contained some viable cells. The 
only cells deliberately introduced into the cultures were from mice, as 
were the extracts with which the cultures were inoculated. Heterotrans- 
plantation of tissues is difficult even when the donor cells are cancerous 
unless innate resistance be modified by treatment of the recipient with 
X rays, cortisone, or agents having comparably drastic effects (33). No 
such methods were used in these experiments. Persistence in X-irradiated 
mice of cells from rat bone marrow has occurred, however, and apparently 
the foreign cells actually proliferate (34). If the results of our experi- 
ments be ascribed to transfer of intact neoplastic cells, one is then con- 
fronted with the difficulty of explaining the multiplicity of sarcomas at 
various sites following subcutaneous inoculation of the material. Cer- 
tainly an explanation would require that the cells gain access to the blood 
stream; hence one would anticipate a much higher frequency of tumors 
in the lungs. It seems difficult to explain the occurrence of the hamster 
tumors solely on the basis of transplanted cells. 

The fluid may have contained a carcinogenic agent of unknown nature. 
If so, the activity of the agent must be enhanced by propagation in tissue 
culture. Original extracts made directly from the source material have 
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not proved effective in eliciting neoplasms in mice. Carcinogenic potency 
is conferred only by incubation in tissue culture for at least 2 weeks, and 
sometimes longer. A microbiological entity might exhibit similar prop- 
erties, or end products of cellular metabolism might accumulate in such a 
system to the extent that they would demonstrate hitherto undisclosed 
properties. If the latter be true, the products must originate from neo- 
plastic cells, as none of the hamsters inoculated with supernatant fluids 
from control cultures of mouse embryo cells developed tumors. 

The agent may also have exerted its influence indirectly by potentiating 
the activity of one or more reactions essential to the cancerous trans- 
formation, a catalyst of some type, or by providing some factor other than 
a direct carcinogen required for carcinogenesis. Much more work is 
required before one may discriminate among these and other possibilities. 
In the meantime, the evidence demonstrates that fluids from tissue 
cultures to which preparations of certain mouse tumors have been added 
produce not only a variety of neoplasms in mice but also sarcomas and 
angiomatous neoplasms in hamsters. 


Summary 


Newborn hamsters injected subcutaneously with unfiltered supernatant 
fluids from tissue cultures of mouse embryo cells, into which extracts of 
mouse tumors had been introduced, developed a high incidence of sarco- 
inas and angiomatous tumors within 6 months. 
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PLATE 69 


Fiaure 1.—Sarcomas in subcutaneous tissues, heart, and intestines of female hamster 
receiving fluid #3469 on day of birth and killed at 80 days of age. 


Figure 2.—Sarcomas in subcutaneous tissues, heart, intestine, and left kidney of 
male hamster receiving fluid #3469 on day of birth and killed at 51 days of age. 
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PLATE 70 
Figure 3.—Myxomatoid structure of subcutaneous sarcoma in a hamster. X 260 


Ficure 4.—Fasciculated spindle-cell pattern from subcutaneous sarcoma in a hamster. 
< 260 


Figure 5.—Area of anaplastic cells in a renal sarcoma from a hamster. X 260 


Ficure 6.—Palisading of cells resembling the structure of human neurinoma in a 
renal sarcoma from a hamster. 260 
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Ficure 7.—Proliferation of vascular endothelium at periphery of typical cavernous 
hemangioma of the liver in a hamster. > 260 


Ficure 8.—Typical histological appearance of pulmonary neoplasm found in hamsters. 
The histogenesis of this type of tumor is not known, X 260 
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Tumor-Damaging Activity in Plant 
Families Showing Antimalarial Ac- 
tivity. Amaryllidaceae ' 


D. B. Firzcerap, J. L. HARTWELL, and J. LEITER, 
Laboratory of Chemical Pharmacology, National Can- 
cer Institute,’ Bethesda, Maryland 


In recent years a number of antimalarial drugs have been shown to 
possess antineoplastic activity. Atabrine and various other derivatives 
of acridine have been reported to damage tumors in mice (1, 2). The 
2,4-diaminodichlorophenylpyrimidines were found to have an effect on 
mouse sarcoma 180 (3), on mouse leukemia AK, (4), and on mouse leuke- 
mia L1210 (5,6). Amonochlorophenylpyrimidine (Daraprim ®) has been 
subjected to clinical trials and found to have beneficial effects on the 
related blood dyscrasia, polycythemia vera (7). Many of the anti- 
malarials are also folic-acid antagonists as are some of the compounds 
initially found effective against leukemias, such as the 4-amino analogues 
of folic acid (8). A series of dihydrotriazines showed both antimalarial 
and antitumor activity (9, 10). 

In one extensive survey of the antimalarial effects of plants (11), which 
included members of 126 plant families, 3 families in particular exhibited 
considerable activity—Amaryllidaceae, Saxifragaceae, and Simarubaceae. 
Previous surveys in this laboratory of the effect of plant materials on 
tumors (12, 13) had disclosed antitumor activity in the few members of 
the Simarubaceae and Saxifragaceae families that had been investigated. 
We now find the Amaryllidaceae family also contains many members 
showing activity against sarcoma 37. 

The present report is concerned solely with the family Amaryllidaceae. 
We have tested the alkaloids found in several species and the total alka- 
loidal extracts of a few members, but attention is directed primarily to the 


aqueous extracts of the bulbs of many species for their effects on tumors in 
mice. 


Materials and Methods 


Bulbs of the plants were used in most cases. In those species that do 
not form bulbs, the corm, tuber, or fleshy root was used. In the Agave 
species, the fleshy leaves were tested. Most of the specimens were pur- 
chased from commercial bulb growers. 


' Received for publication October 22, 1957. 
* National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 
5 We are indebted to Mr. DePilla, National Botanical Gardens, for leaves of the Agave species. 
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An aqueous suspension was made by grinding a weighed portion of 
finely scraped bulb, or other part, with distilled water in a Potter-Elvehjem 
homogenizer. This suspension was administered according to the body 
weight of the animal. A portion of the material was dried to constant 
weight in order to establish the dosage on a dry-weight basis. 

Sarcoma 37 in strain CAF, mice was the tumor used for the initial tests. 
Groups of mice bearing 6-day-old intramuscular tumors were given a 
single subcutaneous injection of the aqueous plant suspension, contra- 
lateral to the site of the tumor. Twenty-four hours after the injection, 
the mice were killed by cervical dislocation and the tumors examined 
grossly for evidence of hemorrhage and necrosis. The findings reported 
here are based on gross observations of tumors compared with tumors in 
untreated control mice. 

Previous work in this laboratory has shown excellent correlation between 
tumor damage seen grossly and microscopic changes seen in fixed sections 
of the same tumor (14). The same was found true in the present work. 

Other mouse tumors used were L#1, a lymphosarcoma; lymphoma #2; 
sarcoma 180; Harding-Passey melanoma; and hepatoma 129. Hepatoma 
129 has been described by Andervont and Dunn (15). Characteristics of 
the other tumors will be found in the survey of transplantable and trans- 
missible tumors by Dunham and Stewart (16). Optimum conditions for 
each type of tumor were used. Results were based on gross observations 
24 hours after dosing. 

Alkaloids and alkaloidal fractions were supplied by Dr. W. C. Wildman, 


of the National Heart Institute. They were prepared according to a 
procedure (17) involving extraction with ethanolic tartaric acid, basifica- 
tion, and extraction with chloroform. 


Experimental Results 


Table 1 lists the species of plants tested as aqueous suspensions. Thirty- 
six genera are represented. These are divided into three subfamilies 
according to Pax and Hoffman (18). A more recent taxonomic classifica- 
tion (19) proposes a separate family Agavaceae for some members of the 
subfamily Agavoideae. This would include two genera of those tested, 
Agave and Polianthes. This table gives the minimum effective dose 
(MED) against sarcoma 37 when it is 1,000 wg. per gm., or less. The 
LD50 is also given when it is less than this dose. The genus Narcissus 
has been placed in a separate table because of the large number tested. 
The distribution of activity within this genus, according to horticul- 
tural groups, is shown in table 2. 

Aqueous extracts of bulbs of nine genera were active against sarcoma 37 
at 1,000 ug. per gm. or less. These were Narcissus, Hymenocallis, Rhodo- 
phiala, Lycoris, Galanthus, Leucojum, Polianthes, Haemanthus, and Hip- 
_ peastrum. The leaves of two species of Agave also were active below this 
dose. All species within each genus were not equally active and many 
showed no activity at 1,000 ug. per gm. 
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TaBLE 1.—Activity of aqueous suspensions of plant bulbs against sarcoma 37* 


Subfamily: Amaryllidoideae 


Amaryllis belladonna L. (Brunsvigia rosea)............. Neg. @ 225 250 

Brunsvigia Neg. @ 500 800 

hathor (Amaryllis hathor).................4. Neg. @ 180 350 

Calostemma purpureum RB. Br... Neg. @ 1000 > 1000 
Chlidanthus fragrans Herb. 
Clivia miniata (Hook.) 

“grandiflora Planch. (syn. E. amazonica)........ 

—bouchett Woods and 3 
Eustephia jujuyensis Hort. ex Traub.................. 

Habranthus andersonianus Herb. cupreus (Zeph. ander- | Neg. @ 1000 ss 

sonvana). 
amarylloides 


puniceus L 


Hippeastrum bifida Spreng. (Amaryllis bifida)...........| Neg. @ 1000 i 
Hymenocallis 200 400 
occidentalis (LeConte) Kunth............. 250 > 1000 
a or Ismene amancaes Herb................ Neg. @ 1000 vi 
or “ eslathine Herb... 

ly ycoris Neg. @ 1000 

Narcissus species and varieties (see separate table). 

Rhodophiala bifde (Herb,) Traub... 

chilensis (L’Hérit.) Traub................ 75 

Sprekelia formosissima L. Neg. @ 1000 

Stenomesson luteum Bak. ... 

Sternbergia lutea (L.) Roem. and Schult................ * 

Urceolina miniata (Herb.) 


See footnote at end of table. 
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TABLE 1.—Activity of aqueous suspensions of plant bulbs against sarcoma 37*—Con,. 


MED LD50 


Family: Amaryllidaceae (ug./gm.) (ng-lem.) 


Subfamily: Amaryllidoideae—Continued 


candida (Lindl.) Herb.................... 


Subfamily: Agavoideae 


Agave americana L. variety Neg. @ 1000 > 1000 

‘* micracantha Salm-Dyck (leaves)................ 700 

sisalana Perrine Neg. @ 1000 

‘* victoriae-reginae Moore (leaves)................. Neg. @ 900 >900 
Manfreda maculata Neg. @ 1000 > 1000 


Subfamily: Hypoxidoideae 


*We wish to thank Dr. B. G. Schubert, botanist, U.S. D. A., Section of Plant Introduction, Beltsville, Md., for 
her kindness in reviewing the nomenclature of the species listed in this table. 


The greatest tumor-damaging activity of members of the genus Nar- 
cissus was found in bulbs tested between July and December. Bulbs 
of the same variety tested in March were less active, even when the bulb 
itself seemed to be in good condition. The dried outer portions of the 
bulb were inactive. We have not investigated the season of greatest 
activity for bulbs of other genera. 

Narcissus poetaz var. Geranium has been chosen for further study and 
is being used for isolation of the active principle from the bulb. Aqueous 
extracts of this species have a MED of 200 ug. per gm. dry weight. Im- 
pure amorphous material having a MED of 2 ug. per gm. is at present 
being separated from this species. Work is continuing on further purifi- 
cation and characterization of this material. 

Green leaves showed no activity, but young shoots, taken from bulbs 
dug before the shoots appear above ground, showed activity equal to 
that of the bulb. During the resting season, anti-tumor activity of the 
bulbs averaged 200 yg. per gm. dry weight, but if the bulbs were not 
planted they gradually lost activity as the time for blooming neared. 
Bulbs dug in April, before the shoots appeared above ground, were 
active but small. Bulbs dug after the foliage had died down in July were 
again firm and large, showed high activity, and could be kept for months 
before there was any loss of activity. 
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TABLE 2.—Activity of aqueous suspensions of varieties of Narcissus 
against sarcoma 37 


MED (ug./gm.) 


Trumpet 


Large-cupped 


350 

lei 


Triandrus hybrids 
Cyclamineus hybrids 
Ber 300 


J hybrids 


IN, nes Neg. @ 1000 


Poeticus varieties 


N. recurvus, Old ‘Pheasant’s Eye............ 
Miscellaneous 
N. bulbocodium 


Other tumors tested with this active variety of Narcissus were lympho- 
mas #1 and #2, both negative; hepatoma 129, negative; and sarcoma 180, 
which gave positive results. Dosage used was that which showed activity 
against sarcoma 37. Higher doses or multiple doses were not tested. 
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Unlike the Narcissus, a species of Agave (a variety of A. americana) 
active against sarcoma 37 was also active against lymphoma #1. An 
aqueous extract of the fleshy portion of the leaves of this Agave yields an 
active fraction, which is being investigated further. 

The results of tests with the alkaloids are given in table 3. A dose of 
200 wg. per gm. was arbitrarily chosen as the highest given. Of 15 
alkaloids tested, only lycorine at 100 ug. per gm. showed an effect against 
sarcoma 37. At this dosage, lymphosarcoma #1 and Harding-Passey 
melanoma were unaffected. A dose of 200 ug. per gm. was toxic to 
mice. A sample of pure lycorine hydrochloride gave the same results 
within biological error. Thus the low activity of the base was felt to be 
genuine and not a contamination by some extremely active substance. 


TABLE 3.—Effect of amaryllis alkaloids on sarcoma 37 


LD50 
(ug./gm.) 


Ambelline 
Buphanidrine 
Caranine 


Dihydrolycorine 
Galanthamine 
Haemanthidine 
Haemanthamine (natalensine) 
Homolycorine hydrochloride 
Lycoramine 

Lycorenine 

Lycorinet 

Lycorine hydrochloride 
Narcissamine 

Narcissidine 

Tazettine 


*A review of the Amaryllidaceae alkaloids is being prepared by Dr. W. C. Wildman and will appear in The 
Alkaloids (R. H. Manske, ed.) New York, Academic Press Inc., Vol. 6. 


tNegative at 100 wg. per gm. against lymphoma #1 and Harding-Passey melanoma. 


Toxicity caused by the highly lethal alkaloids did not resemble that 
caused by the aqueous extracts of active bulbs. With the alkaloids, 
death followed convulsions in most cases. If the animals did not die 
in from 5 to 30 minutes, they recovered completely within an hour or 
two after administration of the highly toxic ambelline, buphanidrine, 
and galanthamine. 

Results of tests with alkaloidal fractions are given in table 4. Although 
the crude alkaloidal fraction from bulbs of Haemanthus puniceus was 
active at 200 ug. per gm., neither of the 2 alkaloids isolated from this 
fraction (hemanthidine or haemanthamine) was active at a nontoxic 
level (table 3). An unidentified oil, extracted from this alkaloidal frac- 
tion, was also inactive. No lycorine was found in this fraction. An 
aqueous suspension of the bulb of H. puniceus was active against sarcoma 
37, at 1,000 wg. per gm. (table 1). These results indicate the possible 
‘presence of small amounts of an unknown, highly active substance in the 
crude alkaloidal extract, such as the amorphous water-soluble substance 
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TaBLeE 4.—Effect of alkaloidal fractions on sarcoma 37 


LD50 
(ug./gm.) 


Dose 
(ug./gm.) 


Plant source 


Narcissus pseudonarcissus var. King Alfred... . 40 25 Neg. 


*No lycorine found; haemanthidine and haemanthamine present. 
{Lycorine removed. 


described above which has been isolated by us from bulbs of one species 
of Narcissus. 


Discussion 


These studies were originally prompted by the fact that some members 
of the same plant families showed both antimalarial and antitumor 
activity. Although the amaryllis family, as expected, also followed this 
pattern, there is as yet no evidence that these properties are due to the 
same constituent. It is of interest that several antimalarial agents in 
clinical use showed little or no activity against sarcoma 37 in mice at the 
highest nonlethal doses: 


questionable activity at 125 wg. per gm. 
Plasmoquin hydrochloride................... negative at 50 ug. per gm. 


Different tumors may vary in their response to plant materials or com- 
pounds. The chemical constituents of the plants themselves may vary 
depending on the season and growth conditions. In view of these con- 
siderations, no attempt has been made to correlate antimalarial and anti- 
neoplastic properties or to duplicate species found effective as anti- 
malarials. Specimens of the amaryllis family were tested as they became 
available. 

One group of investigators (11) who tested extracts of bulbs of a large 
number of plants of the amaryllis family for antimalarial activity stated 
that the activity appeared to be associated with the alkaloidal fractions. 
In our experience, alkaloidal fractions of bulbs and the pure alkaloids 
isolated from bulbs have shown very little, if any, activity against sarcoma 
37. However, Hymenocallis caribaea, found to be one of the most active 
in the antimalarial study, was one of the most active against sarcoma 37 
in our tests with aqueous extracts. This may be merely coincidence; 
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the constituent causing tumor-hemorrhage may not be identical with that 
having antimalarial activity, but possibly found associated with it in these 
plants. 

Lycorine, the only active alkaloid of those we tested, has a MED of 
100 ug. per gm. It is reported to be present in many species but in 
amounts not over 0.5 percent for those species richest in this alkaloid. 
Since the level of tumor-damaging activity was low, we would be unable to 
detect this amount in our bioassay of the bulbs. Therefore it seems un- 
likely that it has contributed appreciably to the activity found in the 
aqueous extracts. 

Taylor et al. (20) reported activity against egg-cultivated tumors by 
extracts of 2 species of amaryllis bulbs, Zephyranthes terana Herb. and 
Cooperia pedunculata Herb. Of 1 Cooperia species and 8 species of 
Zephyranthes tested in the present study, none showed activity against 
sarcoma 37 at 1,000 ug. pergm. A bulb labeled Habranthus texanus (syn. 
Zephyranthes terana) was also negative at this dose. 

Our results provide evidence that there are at least two compounds 
in the amaryllis family that possess tumor-damaging action. That these 
compounds are water-soluble is a factor of added interest in a consideration 
of their usefulness in cancer research. 


Historical 


Modern work with extracts of the Amaryllidaceae on experimental 
tumors recalls early efforts to treat tumors in man as described in the 
folklore and other sources throughout the world. A large number of 
plants of this family was reputed to be useful against tumors of one kind 
or another. While, of course, diagnosis was uncertain and terminology 
differs from our own, it is interesting that most of these same plants 
have shown activity when tested against experimental tumors. 

In ancient times, Hippocrates (4th and 5th century B. C.) in his Of 
Diseases of Women recommended (21) a pessary made from oil of narcissus, 
probably Narcissus poeticus L.,* for the treatment of uterine tumors; 
and Pliny (1st century A. D.) (21) noted that N. poeticus L. and N. 
pseudo-narcissus L.. were applied topically with honey and oatmeal for 
tumors. An oil was made from the flowers to soften indurations of the 
skin. Ibn al-Baitar (13th century) (23) quoted Dioscorides (1st century 
A. D.) on the use of narcissus oil for softening indurations of the uterus. 
Aetios of Amida (6th century A. D.) (24) cited Soranus of Ephesus 
(2nd century A. D.) for the use of narcissus oil in the treatment of scirrhous 
tumors of the uterus. Narcissus oil was taken up also by the Arabians 
of the Middle Ages. Abu Mansur (fl. 970, Persia) (25) said that the oil 
from N. poeticus L. softens breast tumors; al-Tamimi (fl. 970-980, 
Egypt) (23) who called the plant nardjis, recorded that the oil dissipates 
tumors of the ear; and Ibn al-Baitar (23) stated that the oil of nirdjis 


4 The authors are greatly indebted to Dr, S, F. Blake and Dr. F, J. Hermann, botanists, U.S. D. A., Section of 
Plant Introduction, Beltsville, Md., for their kindness in revising the botanical nomenclature found in the refer- 
ences of the historical section. 
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(N. poeticus L. and N. tazetta L.) resolves cold tumors of the meninges, 
used as a liniment on the temples. Ishaq ben Imran (d. 901, Tunis) (23) 
wrote that the roots of nisrin, possibly a jonquil, dissipate indurated tu- 
mors. Henry de Mondeville, not later than 1320 (26), wrote that the 
oil of N. poeticus L. and N. pseudo-narcissus was the strongest emollient 
for indurations. Coming to later times, Hernéndez wrote in 1577 (27) 
that the axihuitl, probably a Narcissus sp.,is said by the natives of Mexico 
to resolve tumors. WN. tazetta L. var. chinensis, called shui-hsien, was 
first mentioned in an early Chinese herbal for use against tumors as a 
liniment (28), and more recently (29) has been listed as a medicinal herb 
in Kwangtung province where a paste of the bulb is applied topically to 
cancer of the breast. 

Loureiro, in 1790 (30), wrote from Indo-China that the root of Crinum 
zeylanicum, now believed to be probably C. latifolium L. but possibly a 
small form of C. asiaticum L., operates powerfully in tumors, and Rum- 
phius (d. 1702) wrote (31) that the natives apply the heated leaves of 
C. asiaticum L. to stomach tumors. According to Ainslie (32), the natives 
of southern India bruise the leaves of C. asiaticum L. and mix with a little 
castor oil, forming an application which they think useful for repelling 
whitlows; in repeating this, Dymock (33) called the plant Hypozis or- 
chioides Willd. (now Curculigo orchioides Gaertn.), and again (34) C. asiati- 
cum L. var. toxicarium Herb. <A more recent Indian Materia Medica 
(35) extended this use to the leaves of Crinum asiaticum Roxb. (better: 
C. defizum Ker-Gawl), C. bracteatum Willd., and C. latifolium L. for 
repelling whitlows. Kosteletzky, in 1831 (36), mentioned the use of the 
bulb and leaves of C. latifolium Roxb. externally as a softening, soothing, 
and maturative remedy for tumors. 

According to Kosteletzky (36), the bulbs of several species of Hymeno- 
callis—H. amoena Herb., H. caribaea Herb., H. ovata Herb., and H. 
patens Herb.—were used to maturate inflammatory tumors. In the 
Antilles, the bulbs of H. declinata (Jacq.) M. Roem. or related species 
(called Pancratium cariboeum L.) have been used (37) as a maturative 
cataplasm in tumors of the testicles. 

Shan-t’zu-ku was first recommended in the Chinese herbal Kia-yu-pu- 
chu-pents’ao (A. D. 1061) as a remedy for tumors. A recent sample 
from Korea was found (28) to be the bulbs of Lycoris squamigera Maxim. 
In China, the bulbs of Zephyranthes rosea Lindl. have been used (29) as 
a topical application to breast cancer. 

The leaves of Eurycles amboinensis Herb. have been used (38) for the 
dispersal of testicular tumors. 

In the New World, it is reported in the Badianus Manuscript, an Aztec 
herbal of 1552 (39), that the juice of teoamatl bark, an Agave sp., was 
used in condyloma. In Mexico there are recipes for internal tumors as 
late as 1837 (40) containing the maguey, an Agave sp. According to Gar- 
cilaso de la Vega (ca. 1609) (41), the ancient Peruvians used the juice of 
A. americana L., which they called pacpa, to cure cancerous ulcers. Ma- 
tias de Porres wrote in 1621 (41) that the Peruvians used the water in 


Vol. 20, No. 4, April 1958 


4 
> 


772 FITZGERALD, HARTWELL, AND LEITER 


which this plant is cooked for treating warts. These uses may have been 
widespread for it is reported (42) that in Venezuela the leaves of the 
Agave americana L. are bruised and applied to tumors, as well as the leaves 
of the cocui, Agave cocui Trel. (43); while the leaves of A. cocui or A. 
sobolifera Salm. (44), applied roasted are resolvent for scirrhous tumors. 
The latter may be the basis for the mention (45) that American doctors 
use the expressed juice of the leaves of A. americana even in cancers. 
The leaves of a kind of maguey (Agave sp.) called daba xha are used in the 
Tehuantepec isthmus of Mexico to dissipate tumors (46). 

Padre Bernabe Cobo wrote in 1653 (47) that a plant called pullapulla 
in Aymara, and now known to be Zephyranthes parvula Killip was used by 
the Peruvian natives to resolve tumors. In the native medicine of modern 
Peru (41), the plant is mixed with chicken fat to soften hard and persistent 
tumors. 

In the Antilles, the bulbs of Sprekelia formosissima (L.) Herbert, the 
Jacobaean lily, baked in ashes, are used (37) in poultices for certain tumors, 
and the Negroes use the grated root of Hypozxis decumbens L. in cata- 
plasms which are applied to tumors of the joints. The pulpy leaves of 
cocuiza, Furcraea gigantea Vent. or F. humboldtiana Trel., roasted lightly, 
have been popularly used in Venezuela (44) to make tumors rapidly dis- 
appear. A report has come from Brazil (48) of curing a cancer of the lip 
with compresses of the juice of Furcraea herapetala (Jacq.) Urban. 


Summary 


Over 100 plants, mainly bulbs, of the family Amaryllidaceae have been 
tested for effectiveness against sarcoma 37 in mice. The genus Narcissus 
contained many active members but high activity was restricted to cer- 
tain species. This was also true of some of the other genera having active 
members: Hymenocallis, Lycoris, Rhodophiala, Galanthus, Hippeastrum, 
Haemanthus, Polianthes, and Agave. 

Bulbs of a Narcissus species found highly active against sarcoma 37 
were found to be active against sarcoma 180 but inactive against lympho- 
mas #1 and #2, and hepatoma 129 at the same dose. 

Extracts of an Agave sp. were active against both sarcoma 37 and lym- 
phoma #1. 

Alkaloids from bulbs of the amaryllis family showed no activity at doses 
of 200 ug. per gm. with one exception. Lycorine showed slight activity 
at 100 ug. per gm. against sarcoma 37 but was inactive against lymphoma 
#1 and Harding-Passey melanoma at that dose. 

Although no direct correlation between antimalarial and antineoplastic 
activity was attempted, this plant family has shown many members that 
have activity in both categories. 

Folklore and medical writings since ancient times have repeatedly 
pointed to this plant family, as being useful in tumors of man. In tumors 
of mice, we find further indications of the presence of antineoplastic sub- 
stances. 
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Study of Amino Acid Requirements for 
Increase in Cell Population of NCTC 
Clone 929 (Strain L)' 


KATHERINE K. Sanrorp, Wituiam T. McQuILKIN, 
Mary C. Froramonti, Vireintra J. Evans, and 
Witton R. Ear.e, Tissue Culture Section, Labora- 
tory of Biology, National Cancer Institute,’ Bethesda, 
Maryland 


Earlier papers (1, 2) describe a protein-free, chemically defined medium 
that has supported the continued proliferation and growth of NCTC 
clone 929 (strain L) cells for several years without any serum supplement 
(3). This medium contains, in addition to other components, a mixture 
of 24 amino acids, an amide, and an amine. The mixture was formulated 
on the basis of Westfall’s analyses (4, 5) of the protein-free ultrafiltrates 
of the two naturally occurring components of the medium in which this 
strain of cells has been successfully cultured for the past 16 years, 7.e., 
horse serum and chick-embryo extract. This mixture contains all the 
amino acids found by Eagle (6) to be essential for clone 929 when tested 
with added protein, and, in addition, some that may be either nonessential 
or even mildly inhibitory to cell growth. 

In certain previous studies (6-10) of the amino acid requirements of 
tissue cells in culture, the growth response of the cells was determined in 
media containing added serum and/or other proteins. However, several 
studies (11-14) have indicated that cells in culture utilize these added 
proteins. Therefore, with the development of a protein-free medium, 
which promotes growth and proliferation of clone 929 cells, it became 
possible to investigate the growth response of the cells to each component 
of the amino acid mixture without any added potential source of amino 
acids. The present study reports the results of this investigation, which 
was conducted in an effort to improve the nutrient medium by changes 
in the amino acid mixture. 


- Materials and Methods 


The chemically defined medium designated NCTC 109 differed from 
previously described NCTC 107 and 108 (1, 2) as follows: The concen- 
tration of vitamin B,. was changed to 0.01 mg. per ml.; cholesterol and the 
3 methyl esters of unsaturated fatty acids were omitted; and the con- 
centration of Tween 80 was reduced to 1.25 mg. per 100 ml. 


' Received for publication October 23, 1957. 
? National Institutes of Health, Public Health Service, U. 8S. Department of Health, Education, and Welfare. 
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NCTC clone 929 (15) was derived from strain L mouse cells of sub- 
cutaneous tissue origin (16). Except as indicated, the stock cultures 
were grown in 40 percent horse serum, 20 percent chick-embryo extract, 
and 40 percent Earle’s saline, according to procedures described (17). 
For the short-term quantitative studies, the culture fluid was drained 
from the stock cultures, and the cells were washed 2 times with a volume 
of saline approximately 150 the cellular volume. The cells were resus- 
pended in Earle’s saline, containing 0.1 percent methocel (18). The cell 
suspension was stirred and aliquots were delivered to T-15 flasks. In 
the last 2 experiments the cells were suspended in medium NCTC 110 
described later. Each culture was grown in a volume of 3 ml. of medium, 
2 ml. of which was renewed 3 times a week. 

Further details of the methods for preparation and handling of replicate 
cultures, for measurement of increase in cell population, as determined 
by enumeration of cell nuclei, and for preparation of the chemically defined 
medium are described in previous studies (1, 17, 19). 


Experiments and Results 


Effects on cell population of deleting individual components from the 
amino acid mizture of NCTC 109.—Each of the amino acids, the amide 
taurine, the amine glucosamine, the tripeptide glutathione, and indicated 
combinations were omitted in turn from solution NCTC 109, and the 
effect on increase in cell population was determined. Results of 1-week 
assays in 2 experiments are summarized in table 1. The same 12 amino 
acids reported by Eagle (6) were found to be essential for cell survival 
(arginine, cysteine, histidine, isoleucine, leucine, lysine, methionine, 
phenylalanine, threonine, tryptophan, tyrosine, and valine). The omis- 
sion of glutamine in this medium had only a slight effect in lowering the 
rate of population increase. The deletion of the remaining amino acids 
(alanine, a-aminobutyric acid, asparagine, aspartic acid, glutamic acid, 
glycine, hydroxy-t-proline, ornithine, proline, and serine) and the amide 
(taurine), amine (glucosamine), and tripeptide (glutathione) had no 
significant effect on cell numbers during this 1-week test period. 

Effects on cell population of the 12 essential amino acids and glutamine.— 
In modifications of solution NCTC 109, the nonessential components 
listed were omitted, and each of the remaining 12 essential amino acids 
and glutamine was tested in turn at 1/3, 1, and 3X the concentration 
in NCTC 109, while all the other components in the mixture were main- 
tained at the original concentration. The growth responses of the cells to 
these solutions are summarized in table 2. Only slight differences in 
growth response were observed. The data suggested that raising the 
concentration of cysteine, tyrosine, and glutamine to 3X the original 
might increase the cell population and that the higher concentrations of 
leucine and tryptophan might be inhibitory. Chromatographic analyses * 
of the used supernatant fluids from these cultures indicated that isoleucine 


3 Analyses by Dr. B. B. Westfall and Mr, E. V. Peppers, of this section. 
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TABLE 1.—Effects on cell population of deleting component(s) from NCTC 109 


Average No. of cell nuclei 


Component(s) deleted from NCTC 109 1) 


Experiment 1 | Experiment 2 


L-Arginine 
t-Histidine 
L-Isoleucine 


t-Methionine 
t-Phenylalanine 
t-Threonine 
L-Tryptophan 
L-T yrosine 


ressssssssss 


L-Glutamine 

i-Cysteinet + cystine 

t-Cysteine + cystine + glutathionet 
i-Cysteine + glutathione 

L-Cystine + glutathione 

t-Cystine 

t-a-Aminobutyric acid 

L-Asparagine 

L-Aspartic acid 

p-Glucosamine 

L-Glutamie acid 


L-Ornithine 
L-Proline 


*Each determination represents the average of 4 cultures, with 5 exceptions in which 3 cultures were used. The 
average inoculum in experiment 1 was 1.7 X 105 cell nuclei per culture and that in experiment 2 was 2.8 X 105 
nuclei per culture. 

{NCTC 109 contains the following reducing agents: glutathi dium salt 1.01 mg. per 100 ml., ascorbic 
acid 4.99 mg. per 100 ml., and cysteine hydrochloride 25.99 mg. per 100 ml. 


at the lower concentrations was almost completely removed from the cul- 
ture fluid during the period between fluid renewals. Therefore, a higher 
concentration of isoleucine appeared desirable for promoting cell growth. 

Various mixtures of the essential amino acids and glutamine were 
incorporated in a modification of NCTC 109 that lacked the nonessential 
components listed earlier. The mixtures and their effect on cell population 
are presented in text-figure 1. Although slight differences in response to 
these experimental media were observed, no sizable effect was evident 
other than a decrease in cell numbers in medium D, which contained all 
the essential amino acids and glutamine at 1/3 their concentration in 
NCTC 109; in medium D the cells failed to maintain the inoculum level 
of 600,000 cells. The increase in cell numbers in mixture B tended to 
confirm the conclusion of experiment 3 that higher concentrations of 
cysteine, isoleucine, glutamine, and tyrosine might promote cell growth. 

Long-term study of cell growth in media NCTC 109 and 110.—The 
preceding studies indicated that clone 929 cells could proliferate in a 
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medium lacking the nonessential components of the amino acid mixture. 
Since these were short-term studies it was essential to know whether 
this growth response could be maintained during long-term culture. 
For this study, clone 929 cells that had been cultured in NCTC 109 
without serum supplements for 14% months (43 transfer generations) 
were used. Ten cultures of approximately equal cell density were divided 
randomly into 2 groups of 5 each, one group to be maintained in NCTC 
109 and the other in the experimental medium. The experimental 
medium, which will be referred to as NCTC 110, was like mixture B 
(text-fig. 1), except that it contained glutathione at the concentration 
in NCTC 109. The nitrogen contributed by the amino acids, amine, 
amide, and tripeptide in NCTC 109 was 103 mg. per liter, and that in 
NCTC 110 was 189 mg. per liter. 

Each culture was used to establish a line of cells that was maintained 
on medium NCTC 109 or on medium NCTC 110 for 3 months (12 or 13 
transplant generations). During this period the cells were in apparently 
healthy condition. However, after the first 3 weeks, a substantial differ- 
ence in cell population was observed. All cultures grown in NCTC 110 
were less dense (figs. 1 and 2). 

At the end of 3 months, cells grown in NCTC 110 were used in 2 experi- 
ments (expts. 7 and 8) and quantitative comparisons of their growth 
response to the 2 media were made (text-fig. 2). NCTC 109 produced 
a significantly higher rate of population increase than NCTC 110. 


TaBLeE 2.—Results of experiment 3: Effects on cell population of essential amino acids 
and glutamine 


Average No. of cell nuclei (referred to 
inoculum as 1) after 1 week of 
growth* 


Amino acid(s) tested: Concentration of amino acid com- 


pared with level in NCTC 109 


1/3X 1X 3X 


Amino acid mixture of NCTC 109f.......... 3.9 
L-Cysteine 

L-Histidine 

L-Isoleucine 

L-Leucine 


| 


L-Methionine 
L-Phenylalanine 
L-Threonine 
L-Tryptophan 
L-Tyrosine 
L-Valine 


*Each determination represents the average of 4 cultures, with 2 exceptions in which 3 cultures were used. 
- The average inoculum was 3 X 105 nuclei per culture. 

+Complete with all 26 components except cystine, which was omitted since the medium contained cysteine. 

tIn this variable all essential amino acids (and glutamine) were at the same concentrations as in NCTC 109. 
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TEXT-FIGURE 1.—Results of experiments 4 and 5: Effects on cell population of different 
mixtures of the 12 essential amino acids and glutamine in a modification of NCTC 
109. Each determination in experiment 4 represents the average of 3 cultures, with 
one exception in which 2 cultures were used; each determination in experiment 5 
represents the average of 6 cultures, with one exception in which 5 were used. In 
experiment 5, the stock cultures had been grown for almost 2 years in NCTC 109 
supplemented with 0.25 percent horse serum. 


A—Twelve essential amino acids and glutamine at the same concentration as in 
NCTC 109. 

B—Cysteine, isoleucine, tyrosine, and glutamine at 3X concentration; others at 
the same concentration as in NCTC 109. 

C—Arginine, leucine, lysine, threonine, tryptophan, and valine at 1/3; others 
at the same concentration as in NCTC 109. 

D—Twelve essential amino acids and glutamine at 1/3 X concentration in NCTC 109. 

E—Arginine, leucine, lysine, threonine, tryptophan, valine at 1/3; histidine, 
methionine, phenylalanine at 1, and cysteine isoleucine, tyrosine, and glu- 
tamine at 3X concentration in NCTC 109. 

F —Twelve essential amino acids and glutamine at 2X concentration in NCTC 109. 

G—Same as F, with tryptophan at the same concentration as in NCTC 109. 

H —Twelve essential amino acids and glutamine at 3X concentration in NCTC 109. 

I—Eagle’s mixture of amino acids in NCTC 109. 


Discussion 


In the absence of added protein, medium NCTC 110, with an amino 
acid mixture containing only the 12 essential amino acids and glutamine, 
failed to maintain the high rate of population increase of clone 929 cells 
obtained with the complete medium NCTC 109, which contained, in 
addition to the essential amino acids and glutamine, 10 amino acids 
considered nonessential and also taurine and glucosamine. This effect 
of the complete amino acid mixture on population increase was not 
apparent in the early 1-week experiments in which the cells had been 
grown in serum-rich medium, but did become apparent after prolonged 
culture of the cells in protein-free, chemically defined medium. For 
maximal population increase the cells must apparently be furnished 
with an adequate supply of amino acids other than those essential for 
survival. Similarly, Rose and associates (20) found that growth of young 
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TEXtT-FIGURE 2.—Effects on cell population of NCTC 109 and 110. Cells had been 
cultured in NCTC 110 for 90 days in experiment 7 and for 113 days in experiment 
8. Each determination represents the average of 10 cultures (expt. 7) and 8 cul- 
tures (expt. 8). 


rats may be achieved with a mixture of 10 essential amino acids, but a 
25 percent greater growth response was obtained with a diet consisting 
of 19 amino acids. Whether each one of the additional components of 
the amino acid mixture is necessary for maximal population increase 
of clone 929 cells is under investigation. 

The results of the present study suggest that in earlier studies by Eagle 
and associates (6-10) on the amino acid requirements of this clone of 
strain L, the proliferation and growth of the cells were either submaximal 
without a balanced group of nonessential amino acids or, if maximal, the 
serum proteins of the medium were furnishing substantial amounts of 
nutrients to the cells. In these earlier studies the amino acid require- 
ments of the cells were determined in a chemically defined medium supple- 
mented with 0.25 to 1 percent dialyzed horse serum. In the absence of 
the dialyzed serum, this medium, as reported by Eagle (6), failed to sup- 
port the survival and proliferation of the cells. Further, the serum 
proteins were thought not to contribute amino acids to the cells because 
the cells failed to survive or grow in a protein-containing medium until 
each essential amino acid had been added. If any protein were broken 
down by the cells, the protein would be expected to supply at least some 
of the essential amino acids. However, this argument does not rule out 
the possibility suggested earlier by Fischer (21) that the presence of cer- 
tain free amino acids may be essential to initiate the breakdown and 
utilization of proteins by the cells. 

Several studies indicate that tissue cells in vitro do utilize proteins of the 
medium for protein synthesis, energy, and gluconeogenesis. Francis 
and Winnick (/1), using free and protein-bound C-labeled amino acids, 
‘found that during the initial stages of growth of embryonic chick-heart 
fibroblasts, tissue protein was derived from the free amino acids and pep- 
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tides but, subsequently, more than half of the tissue protein was derived 
from the soluble proteins of the medium. There was some evidence that 
the protein-bound, labeled amino acids were incorporated into tissue pro- 
tein at a conjugated level without complete protein hydrolysis. Roberts 
and Kelley (12) showed that purified C'*-labeled plasma proteins were 
used by rat liver slices in vitro for energetic purposes (carbon dioxide 
production) and gluconeogenesis. During the period of incubation (5 
hours) no radioactivity could be found in the free amino acids or peptides 
of the medium. The authors suggest that either the proteins were hy- 
drolyzed within the cell to amino acids that were selectively utilized for 
oxidative purposes as rapidly as formed or, more likely, oxidized without 
extensive prior hydrolysis. Kent and Gey (13) found a significant deple- 
tion of a- and B- globulin fractions of serum proteins accompanying in 
vitro growth of strains of rat and human cells. Westfall and associates 
(14), in studying changes in constituents of the medium during growth of 
HeLa cells, obtained some indirect evidence that more than half of the 
protein mass of the cells must be derived from proteins supplied in the 
medium. Although the proteins may not be broken down by the cells 
completely to release free amino acids, amino acid residues may be utilized 
substituting for free amino acids. Therefore, it seemed desirable to com- 
pare, where possible, the results of the present study on clone 929 cells 
grown in protein-free medium with results of studies of this clone by 
Eagle and associates. 

In both studies the same group of amino acids were found essential for 
cell survival and limited proliferation, with the possible exception of 
glutamine. Under the experimental conditions used by Eagle and as- 
sociates (10) the presence of glutamine was essential for cell survival, 
though the addition of a group of 6 nonessential amino acids significantly 
enhanced the growth response to glutamine and reduced the glutamine 
requirement. In the present study, when glutamine was omitted from 
the medium, the cells survived and increased in number at a rate only 
barely significantly lower than that of cells in the control medium con- 
taining glutamine. From these relatively short-term experiments, gluta- 
mine did not appear to be essential for cell survival and limited prolifera- 
tion if there was an adequate supply and balance of other amino acids. 
However, it is possible that with long-term cultivation and further nutri- 
tional depletion of the cells, a more rigid requirement for glutamine could 
be demonstrated. Glutamine did appear to increase the rate of popula- 
tion increase. . 

Eagle (6) found that with each of the 12 essential amino acids and 
glutamine there was a well-defined maximally effective concentration for 
optimum growth under the culture conditions used and that concentra- 
tions in excess of that maximally effective level up to 5 mM had no signifi- 
cant effect on the rate of multiplication, with the following four excep- 
tions: Methionine and tryptophan at concentrations in excess of 0.05 
mM and 0.02 mM, respectively, were growth-inhibitory, and isoleucine 
and phenylalanine at concentrations of 5 mM slightly decreased the growth 


Vol. 20, No. 4, April 1958 


ay 
Lae 
a 
= 
7 


2 SANFORD et al. 

rate. An effort was made in the present study to preserve the balance of 
concentrations among the free amino acids found in the medium that has 
supported the growth of this cell strain for over 15 years. This amino 
acid mixture contained all the essential amino acids in concentrations con- 
siderably in excess of those found by Eagle to be required for maximal 
growth under the conditions of his experiments. When three different 
concentrations of the mix as a whole, of groups of amino acids within the 
mix, or of individual amino acids were tested, there was little difference in 
the response of the cells except that reducing the concentrations of the 
essential amino acids and glutamine to 1/3 the original levels failed to 
produce an increase in numbers of cells. At this reduced concentration 
all amino acids were at levels permitting maximal growth, according to 
Eagle’s data, except isoleucine which was reduced approximately 1/2 (or 
5 times the level permitting minimal growth). It is possible, therefore, 
that the concentration of isoleucine may have been a limiting factor in this 
medium. 

The most important difference between the results of this and earlier 
studies is the demonstration that the 12 essential amino acids and gluta- 
mine in a protein-free, chemically defined medium fail to support the high 
rate of population increase obtained with the complete mixture of 24 amino 
acids, an amide, an amine, and a tripeptide. 


Summary and Conclusions 


The amino acid requirements of NCTC clone 929 (strain L) mouse 
cells were studied in a protein-free, chemically defined medium, NCTC 
109, which contains, in addition to other components, 24 amino acids, 
an amide, an amine, and a tripeptide. Each of the latter 27 components 
was deleted in turn, and the effect of each deletion on increase in cell 
population was determined. The cells failed to survive and grow if 
any 1 of 12 amino acids previously identified as essential for growth 
of this clone, when tested with added protein, was omitted from the 
medium. The omission of glutamine slightly reduced the rate of popula- 
tion increase and the deletion of the other components had no influence 
on cell numbers during 1-week assays. No marked differences in growth 
response of the cells to various concentrations and combinations of the 
12 essential amino acids and glutamine were found in short-term studies. 
When clone 929 cells were grown for longer periods in a protein-free 
modification of NCTC 109 lacking the nonessential components, except 
glutamine and glutathione, the cells failed to maintain the high rate of 
population increase obtained with the complete medium. The importance 
of the nonessential components of the amino acid-amide-amine-tripeptide 
mixture for maximal population increase of clone 929 cells was thus 
demonstrated. 
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Cultures at 1 week of age. Cell lines had been maintained in their respective 
media for 71 days and 11 transfer generations. 


Figure 1.—Culture growing in medium NCTC 110. 


Figure 2.—Culture growing in medium NCTC 109. 
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Histocompatibility Genes of the Mouse. 
I. Demonstration of Weak Histocom- 
patibility Differences by Immunization 
and Controlled Tumor Dosage * ” 


Grorce D. Snett,’ Roscoe B. Jackson Memorial 
Laboratory, Bar Harbor, Maine 


Histocompatibility genes (or histocompatibility loci) are defined as the 
genes (or loci) which determine susceptibility and resistance to transplants 
of normal or tumor tissue. In the mouse, these loci have been assigned 
the symbols H-1, H-2, etc., with appropriate superscripts (H-1*, H-1°, 
etc.) to differentiate the different alleles. At least one histocompatibility 
locus * in the mouse, H-2, is known to determine certain antigens on the 
erythrocyte and hence to be also a blood-group locus (1-3). Specific in- 
formation as to whether or not other histocompatibility genes are also 
blood-group genes is lacking, but in general the parallel between histo- 
compatibility genes, insofar as they have been analyzed to date, and 
blood-group genes is close, and it may well eventuate that most genes 
which function in one capacity function in the other also (4, 5). Never-« 
theless, the specific identification of genes as playing a significant role in 
the acceptance or rejection of transplants of various tissues can be ac- 
complished, at present at least, only by experiments with the tissues 
concerned. 

The analysis of histocompatibility genes requires specialized methods 
in the application of which the mouse is beyond question the species of 
choice. Of the various methods available (6-9), those most generally 
applicable depend on the use of coisogenic lines, that is to say, homozygous 
lines genetically identical or isogenic except for one histocompatibility V 
locus, at which locus the allele present is different in the two lines. Either 
line of @ coisogenic pair with such a single histocompatibility difference 
may be referred to as an isogenic-resistant or IR line, since it will reject, 
or tend to reject, grafts of tissue or tumor derived from its coisogenic 

' Received for publication October 25, 1957. 
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‘The histocompatibility-2 locus is actually a compound locus consisting of two or more distinct elements 
separable by crossing-over ($). However, just as the compound forked and singed loci in Drosophila are still 
teferred to as “‘loci,”” so it seems justifiable as a matter of convenience to refer to H-? in the mouse as a “locus.” 
Likewise it is advisable, in view of the rather confusing nature of presently available facts, to keep for the time 
being the original allelic symbols for H-2 (7), since any change made now will almost certainly be subject to still 
further modifications as our knowledge increases. 
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mate. Isogenic-resistant lines may arise in rare instances by mutation 

within an inbred strain, or may be produced by a series of crosses ap- 

propriately designed to introduce a foreign histocompatibility gene onto 
an inbred background. 

Methods for the production, by appropriate crosses, of IR lines in mice 
were described in 1948 (6), and since that date we have had under way 

a program for the development and genetic analysis of such lines. This 

paper is intended as the first of a series presenting the information ob- 

tained. Subsequent papers will discuss in detail the production and 

analysis of the lines; also the question of how closely lines produced by a 
V series of crosses approximate true isogenicity. Here we are concerned 
with a technical problem—how tumor transplants can be used most 
effectively to discriminate between histocompatibility genotypes. 

The problem arises from the fact that most histocompatibility loci, in 
fact probably all histocompatibility loci except H-2, are so “weak” that 
many transplantable tumors easily overcome the barrier which they im- 
pose. We became aware of this fact during the production of the coiso- 
genic strains, but did not attempt any systematic tests until coisogenic 
strains differing at loci other than H-2 became available in quantity. 
Results showing the relative ease with which some tumors transgress 
histocompatibility differences other than H-2 have already been pub- 
lished (9, 10) and more will be given in this paper. At the same time 
that we were studying this problem, Amos, Gorer, and Mikulska (//) 
were investigating it by a somewhat different method, and since their 
approach reveals facts not brought out by our study a review will be 
useful here. 

These authors tested a leukemia, EL4, native to strain C57BL, in F, 
and backcross generations derived from a cross of strain C57BL by strain 
BALB/c. These two strains are known to carry different H-2 alleles, and 
all F, and backcross mice were typed for H-2 by the red-cell agglutination 
test. The mice were then divided into two groups, one of which was 
immunized by an intraperitoneal injection of C57BL blood, the other left 
unimmunized. After an appropriate interval, all mice were challenged 
with the tumor. There was a striking difference in the results in the 
immunized and the unimmunized groups. In the unimmunized group, 
susceptibility and resistance appeared to be determined by the H-2 locus 
alone, all mice with the C57BL allele succumbing and some, though not 
all, of the mice with the BALB/c allele surviving. In the immunized 
¥ group all backcross animals survived, regardless of the H-2 allele present, 

and in the F; group 27 out of 29 survived. The 2 animals that died had 

the H-2 allele derived from C57BL, and hence the allele present in the 
tumor. This ratio of susceptible-to-resistant animals in the F, generation 
is the ratio expected if compatibility and incompatibility of the graft 
were determined by 8 genes. Similar results were obtained in crosses 

between strains C57BL and A. 

Several conclusions can be drawn from this study. First, in unim- 
munized mice with the particular tumor and stocks these authors em- 
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ployed, susceptibility and resistance are determined entirely by the H-2*° 
locus. There is, as a matter of fact, increasing evidence that the H-2 
locus is unique in the importance of its role in histocompatibility phe- 
nomena in the mouse (3, 12). Second, by means of immunization, thee 
segregation of histocompatibility genes can be revealed whose presence 
would be entirely unsuspected in unimmunized mice, at least when the 
transplantable tumor used is an old and relatively virulent one. Third, 
the number of genetic loci, including H-2, revealed by this method, may 
be about 8. The numbers of mice employed were too small for this figure 
to be regarded as an accurate estimate, but, as Wright (13) has pointedY 
out, figures as to histocompatibility-gene number based on the proportion 
of susceptible animals in segregating generations are apt to be low rather 
than high because some of the genes will probably show incomplete 
penetrance. 

These facts are important for a study of histocompatibility genes in 
which transplantable tumors are used as the typing agent. It has been 
known for a long time that old transplantable tumors do not reveal as 
many histocompatibility genes in segregating generations as do more re- 
cently derived tumors (see review in 14). In addition, it now appears 
probable that the only locus revealed by many old tumors is the H-2 
locus. Hence, in studies directed at loci other than H-2 one has two 
choices—to keep using newly derived tumors or to preimmunize the hosts. 
The second alternative is by all odds the one to be preferred. 

If immunization and subsequent implantation of tumor transplants 
are to be used on a large scale in the analysis of histocompatibility genes, 
it is important to know how to use them most effectively. There are 
many papers in the early literature dealing with immunization against 
tumor transplants (see review in 15), but most of the work was done with 
noninbred animals and leaves much to be desired. A few recent papers 
(16-18) give some of the necessary answers. However, it is only through 
the use of our coisogenic lines with histocompatibility differences at loci 
other than H-2 that some points could be clarified. 

Essentially the question to which we need the answer is this: How can é 
tumor transplants be given, using relatively simple methods of immuniza- 
tion and tumor inoculation, so that all mice of the susceptible (native) 
strain will die, while all or nearly all mice of any resistant genotype will 
survive? 

The first point to be determined is what dose of tumor will invariably 
kill all mice of the native or susceptible strains. Once this is known, we 
may go on to find methods of protecting the resistant strains against this 
dose or larger doses. We have found it necessary to distinguish (16) 
variables that may be significant in this situation. It was out of the 
question to test all of these thoroughly; in general, our procedure was to 
test each point first with small numbers of mice and then to concentrate 
on those points that seemed most significant. 

We shall present the results under headings corresponding to the varia- 
bles. Pertinent literature will be cited and discussed in the same section 
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in which the data are presented, rather than in a final section devoted 


to discussion. 


1. Age of host. 
. Sex of host. 


The sixteen variables are: 


. Genetic background of host. 
. Histocompatibility locus. 


. Route of tumor inoculation. 
. Number of tumor cells implanted. 
. Volume of suspending medium. 


2 
3 
4 
5. Tumor. 
6 
7 
8 


9. Use of heparin. 


10. Storage of cell suspensions and nature of suspending medium. 
11. Number of cells used for immunization. 

12. Route of immunization. 

13. Tissue used for immunization. 

14. Number of immunizing injections. 

15. Interval from immunization to tumor implantation. 
16. Age of donor providing immunizing tissue. 


Mouse strains.—The coisogenic strains used are listed in table 1. 


Materials and Methods 


Most 


extensively employed were the coisogenic strain-pairs C3H and C3H.K, 
which differ at H-1 and the linked albino (c) locus, and C57BL/10 and 


B10.LP, which differ at H-3 and the closely linked agouti (A) locus 
The typing of strain AKR.ALB is not yet complete; it 


(10, 19, 20). 


- probably differs from AKR at a previously unidentified locus, which can 


be assigned the new symbol H-?, but the proof that the difference is not 


at H-2 requires further checking. In any event the difference is a “weak” 


one. 


Strains A and A.SW, and C57BL/10 and B10.D2, are distinguished 


by H-2 differences. 


At the time brother X sister mating was started in strain C3H.K it 
had been through the equivalent of 7 successive matings to strain C3H 
All other IR lines were brother  X sister inbred 
after the equivalent of 6 successive matings (12 G generations) to their 


(14 G generations). 


TABLE 1.—Lisi of coisogenic strains 


Locus (or loci) at 
which IR line 


Strain or line* Genotypet 
bred line 

C3H/HeDiSn........ H-2*H-2* H-1°C/H-12C......... 

...| H-1 and c 
C57BL/10ScSn....... 

H-2 

H-2>H-2°H-3°A/H-3°A......... H-3 and A 


*Synthesized IR lines are indicated by a period in the symbol. 
tData so far published (7) leave it uncertain whether C3H and C3H.K should be classified as H-£* 


or H-2*’, 
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respective inbred counterparts. Further details on the production and 
analysis of the lines will be given in a subsequent paper. 

In a few cases resistant F, hybrids, produced by crossing an IR strain 
with some unrelated, foreign strain, were employed. We have reason 
to believe that these hybrids can be regarded, for histocompatibility 
purposes, as almost, or quite, equivalent to the IR parent. No further 
details will be given here. Twice, susceptible F,; hybrids with the tumor- 
donating strains as one parent were used. In the majority of experiments, 
mice were approximately 10 to 13 weeks of age at the time of tumor 
inoculation. Exceptions are noted in the tables and the text. 

Transplantable tumors.—The tumors used, together with some details 
of their origin and histological type, are listed in table 2. Tumors Sal 
(sarcoma I) and C1498 have been described previously (see 21 for 
references). We are indebted to Dr. Elizabeth Fekete for providing us 
with a line of tumor E9514; also to Dr. Fekete and to Dr. Edwin Murphy 
for the histological diagnosis of all the other tumors that arose or were 
induced in animals of our own colony. 

Sarcoma I was used in the ascites form, employing a subline (designation 
Sal-A) that was established from the solid tumor subline in October, 1954. 
In some experiments it was inoculated subcutaneously. All other tumors, 
both in routine transfer and in the experiments, were inoculated sub- 
cutaneously on the right flank. In a few experiments solid pieces of 
tumor were implanted by trocar, but in most a cell suspension was injected 
with a tuberculin syringe and a 22-gauge needle. 

Preparation of tumor-cell suspensions.—Cell suspensions were prepared — 
by the cytosieve method (22). The medium employed was a buffered- 
glucose-Ringer’s, hereinafter referred to as BGR (22). The cell suspension 
was transferred from the cytosieve to a serum bottle, and a small amount 
withdrawn for a cell count. A dilution was prepared with a standard 
blood diluting pipette, BGR being used as the diluting fluid, and a count 
performed in the Fuchs-Rosenthal counting chamber. The initial cell 
suspension was then diluted in serum bottles to give the desired concentra- 
tion or concentrations. Cell concentrations employed were some member 
of the series 


1,000 5” per 0.1 ml. 


where n was a whole number, except that in a few instances to reach a 
certain maximum cell count it was necessary to use 1,000 X 5” per 
0.15ml. Each mouse received 0.1 ml. (or occasionally, as noted, 0.15 ml.). 
The maximum dose per mouse was 3,125,000 cells (1,000 X 5°), the 
minimum 8 cells (1,000 57%). 

With ascites tumor Sal-A, clotting occasionally occurred. To prevent — 
this a stock solution of heparin, 10 mg. in 10 ml. of 0.93 percent saline, was 
prepared, and added to the ascites fluid in the proportion 1 in 16. With 
some tumor-cell suspensions prepared by the cytosieve method, clumping 
of the cells occurred, particularly in the higher dilutions. The addition 
of heparin solution in the proportion 1 in 16 to the initial cell suspension, 
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or to the first dilution, also was found useful in preventing clumping. 
This method was not, however, followed as a regular procedure. 

Observation of tumor growth.—All mice were ear-punched; in some stocks 
they were also pedigreed. Following tumor implantation, the mice were 
checked weekly, and a record was kept of the presence, absence, and ap- 
proximate size of each tumor. Tumors just palpable were recorded as 
“tr” or “trace.”’ Larger tumors were recorded by a number which was a 
visual estimate of the area in square centimeters of the maximum section 
parallel to the body surface. The principal purpose of these records was 
to insure that mice dying of accidental causes were not recorded as dead 
due to tumor growth. 

Immunization.—Thanks to the kind assistance of Dr. Bernard Amos 
during a visit at this laboratory, immunization in one experiment was 
carried out with white and red blood cells. The white cells were obtained 
from the buffy coat of citrated, centrifuged blood. The red cells were 
prepared by centrifuging twice, with removal of the buffy coat each time. Jf 
All other immunizations were performed with either thymus or embryo. 

Thymus donors were mice from 1 to 2% months of age. Thymus 
glands were removed and placed in a cytosieve (22) and cell suspensions 
prepared using about 1% ml. of BGR per thymus. Counts were per- 
formed and the desired dilutions prepared by the same methods used for 
the preparation of tumor-cell suspensions. The counts varied greatly, 
with the younger mice, as expected, giving the higher figures, but it was 
not unusual to obtain 100,000,000 cells per thymus, and in one case the 
yield was 250,000,000 cells per thymus. 

Embryos were not taken from timed matings, but females in an ad- 
vanced stage of pregnancy were selected from a large colony, and ontepend 
were usually near term. A record of the size of a typical embryo in each 
litter was recorded. Embryonic tissue was inoculated either by trocar or 
in the form of a cell suspension. 

In preparing embryos for trocar inoculation, the heads were removed 
and the remainder of the embryo put through a Delepine tissue press 
(purchased from Arthur H. Thomas). To prepare a cell suspension, the 
macerated tissue from the press was divided between one or more cyto- 
sieves (according to the amount of cell suspension required) and an 
appropriate amount of BGR added. Suspension of known numbers of 
cells were prepared by the same method used for the tumors. In three 
cases where the total yield per pregnant female was recorded, it ranged 
from 330,000,000 to 1,332,000,000 cells. Each mouse received the speci- 
fied number of cells in 0.1 ml. of BGR. 

Trocar inoculations were all subcutaneous; inoculations of cell suspen- v 
sions were either subcutaneous or intraperitoneal. Subcutaneous inocu- 
lations were in certain cases given on the same side as the subsequent 
tumor implant, but usually on the opposite side. 

Experiment designation.—Most of the experiments cited here were part 
of a series designated ‘““DS” followed by a number. Controls from certain 
other experiments with designations H-1*, H-3*, and H-3° followed by a 
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number, and a few controls from other series, are also included in some 
tables. Since variability in the tumor or in other factors makes the 
results from different experiments not always comparable, we have avoided 
combining results wherever possible. However, where two experiments 
extended over the same tumor-dose range so that different doses are 
equally weighted, combination has sometimes appeared necessary and 
legitimate. The experiments from which data are taken for each table 
are indicated in footnotes, thus permitting the interested reader to de- 
termine when combination has been used. 


Results and Discussion 


Cell Counts 


Cell counts were made without the addition of any stain, and, while 
obviously damaged cells were not included, it is probable that only a 
minority of the cells were viable. Zeidman et al. (23) found that about 

. 94 percent of the cells of a cell suspension prepared from a mouse sarcoma 

Y took up trypan blue and concluded that only about 6 percent of the cells 
were viable. Reinhard et al. (24) reported approximately 95 percent 
stained and 5 percent unstained cells for transplantable mouse mammary- 
gland adenocarcinoma dbrB, and Hewitt (25, 26) found that the stained 
cells for cell suspensions prepared from the solid form of mouse sarcoma 37 
numbered, in different preparations, from 30 to 96 percent, and for a 
C3H sarcoma 80 to 90 percent. Ascites tumors contain a much higher 
proportion of unstained and hence presumably viable cells. 

Zahl and Drasher (27) noted that necrotic tissue may be a source 
of nonviable cells and found this a minimum in subcutaneous implants of 
sarcoma 180 at 6 to8 days. Large tumors had more dead cells. Martinez 
et al. (28), in a curious converse to this, found that isografts from large 
mouse mammary tumors grew more rapidly than similar grafts from 
small tumors. Cell preparations of the same tumor at different stages of 
growth cannot therefore necessarily be regarded as equivalent. Hewitt 
(26), in tests with S37 in noninbred mice, noted a reduction of the TD50 
from 2818 to 661 as a result of addition of killed cells to the tumor-cell 
suspension, but statistically the results were just below the level of 
significance. Révész (29), using several tumors of recent origin, found the 
same increase in lethal effect as the result of adding killed tumor cells 
to the tumor inoculum prior to subcutaneous implantation. The same 
effect was observed also with the Ehrlich ascites tumor implanted intra- 
peritoneally, though with this tumor and route the effect was reversed 
if the number of living cells was reduced to 100 and the number of dead 
cells greatly increased. The dead cells characteristically in cell sus- 

Vpensions prepared from solid tumors thus may influence the growth 
characteristics of the living cells. 

In a few cases in which we made two or more counts of the same cell 

preparation, we found that the count tended to fall with the passage of 


Journal of the National Cancer Institute 


| 


HISTOCOMPATIBILITY GENES OF THE MOUSE 


time; once it dropped approximately one half in 100 minutes. 
presume that this is due to the disintegration of nonliving cells. 


Isografts 


The use of tumor-cell suspensions in studies of the genetic basis of 
resistance to transplants permits, within the limits of accuracy of the 
method of making cell counts, the administration of a predetermined 
dose to each mouse. In working with varying doses the first point to be 
established is the number of cells necessary to give 100 percent deaths in 
isografts (7.e., in grafts made within the strain in which the tumor 
originated). 

A very thorough study of the relation between number of viable (un- 
stained) cells administered and the percentage of mice developing tumors ( 
has been carried out by Reinhard and coworkers (24, 30-32). Two mam- 
mary adenocarcinomas, dbrB native to strain DBA/1 and the Marsh- 
Simpson tumor native to strain MA, were tested as subcutaneous iso- 
grafts in the form of counted cell suspensions over a wide range of cell 
doses. Forty-five DBA/1 mice receiving an estimated 14 viable cells of 
dbrB failed to develop tumor; groups of mice receiving doses ranging 
from 18 to 1,910 cells showed 5.3 to 96.8 percent tumor growth with, in 
general, a steady increase in percentage of takes as the dose increased; 
and groups of mice receiving 2,590, 3,625 or 6,850 cells all developed 
tumors. There were no regressions with this tumor; all growths proved 
lethal. The Marsh-Simpson tumor was tested at two different times, 
and gave rather different results in the two series of tests. In the earlier 
series (31) it gave less than 100 percent takes in all doses up to 9,000 
viable cells, from 89 to 100 percent takes in the range from 9,600 to 
77,000 cells, but consistently 100 percent takes only in doses of 81,000 
or more cells. At the time this experiment was carried out, the tumor 
occasionally regressed despite the fact that it was tested in the native 
strain. In a test carried out several years later (32), either the host 
strain or, more probably, the tumor had changed so that no regressions 
were noted. At this time all cell doses below 4,830 gave fewer than 100 
percent positives, the dose range 4,830 to 6,090 showed some but not all 
groups with 100 percent growth (6,090 cells gave less than 100%), and all 
doses of 6,250 or over gave 100 percent. 

In all experiments the percentage of deaths plotted against the 
logarithm of the dose gave a sigmoid or S-shaped curve. 

We have tested 6 different tumors as subcutaneous isografts (or grafts in 
F, hybrids) at different dose levels. The data are summarized in table 3. J 

As might be expected, different tumors achieved consistent 100 percent 
growth at different dose levels. Leukemia S775 grew in all animals 
receiving 200 or more cells per mouse. Leukemia C1498 grew without 
exception at 5,000 cells per mouse (no group in this test received 1,000 
cells, but in two other experiments this dose also gave 100% growth), 
SalI-A at 5,000 cells per mouse, and leukemias S913 and S916 and fibro- 
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sarcoma $842 at 25,000 cells per mouse. It should be noted that SaI-A 
was grown as an ascites tumor so that a much higher proportion of the 
cells probably were living. On the other hand, it was tested in an F, 
hybrid with strain A as one parent, and as data to be presented in a 
subsequent publication will show, such hybrids are not quite as sus- 
ceptible as the homozygous native strain. S842 was also tested in F, 
hybrids which may, in part, account for the fact that there were no 
deaths at doses of 1,000 cells and less. 

It will be seen that our results, with due allowance for the fact that we 
used unstained cell counts and smaller numbers of mice, are quite com- 
parable with those of Reinhard and coworkers, and especially with their 
two series in which the tumors employed were growing without regressions. 

Our results, in general, are consistent with the same sigmoid curve 
relating percentage of deaths to the logarithm of the dose, which Reinhard 
and coworkers derived from their data. Likewise Hewitt (25) found 
this type of curve appropriate to data obtained with isografts of a C3H 
sarcoma, though in a subsequent paper (26) he states that the shape of 
the curve is uncertain. 

It is important if tumors are to be used in the lower dose ranges in 
genetic studies to establish that the results with isografts are reproducible. 
How consistent, we may ask, is any tumor in giving 100 percent growth 
for all doses at, or above, some particular level which is characteristic of 
that tumor? Data pertinent to this question will be found in tables 
3 and 4. 

In table 3 the data for each tumor came from a single experiment. 
Here the consistency is excellent. If a tumor gave 100 percent deaths 
for any one dose, it gave 100 percent deaths for all higher doses. 

Table 4 compares the results from isografts of four different tumors at ¥ 
the same dose levels in different experiments. Another variable besides 
difference in time was the pretreatment of the hosts in some of the experi- — 
ments with isologous thymus or embryo. Again the results show, on the 
whole, a satisfactory degree of consistency, but tumors C1498, S913, and 
5838 gave 15 negatives out of a total of 312 mice receiving 25,000 or more 
cells per mouse. These were clustered in 7 of 32 experimental groups, 
usually with 10 mice to a group. It is suggestive that all occurred in 
mice inoculated during the first 6 months of 1957, none during 1955 or 
1956, though the nvmbers are not sufficient to prove the significance of 
this distribution in time. Six of the 7 groups containing negatives had 
received an “immunizing” injection of isologous tissue, but whereas 
nearly all mice inoculated in 1957 were thus treated, none of the mice 
inoculated prior to 1957 were “immunized.” Of the 15 negative mice, 
8 were males and 7 females. Three of the 15 mice showed palpable 
tumors that regressed, but in only 1 of these, a male receiving S838, did 
the tumor become larger than “trace.” 

There are at least four possible explanations of these negatives (other / 
than accidental failure to inoculate, which we think unlikely). 1) Resid- 
ual heterozygosity in the hosts: This is a possibility in the synthesized IR 
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strain B10.LP in which $838 was tested, but very unlikely in the highly 
inbred strain C57BL/10. 2) Lack of genetic homogenity due to mutation 
at a histocompatibility locus: Since both strains are maintained in consider- 
able numbers, this is a distinct possibility. xX The Eichwald effect: 
This is discussed under Homografts, section 2, where it is pointed out 
that it is improbable as an explanation of these particular negatives 
since they occurred equally in both sexes. 4) Loss of complete compati- 
bility by the tumor due to change in the tumor: It is well known that 
transplantable tumors frequently show incompatibility with the inbred 
strain in which they arose. An example is already cited where a mammary 
adenocarcinoma native to strain MA was found to give occasional regres- 
sions (31). We have elsewhere reviewed a number of other cases (33). 
In our experience (unpublished data based principally on C57BR/a 
tumor S636), tumor-host combinations which have previously appeared 
completely compatible may develop signs of incompatibility, with no 
evidence from the separate testing of the different minor branches of the 
host strain that host mutation is a factor. If this is the correct explana- 
tion of the cases appearing in table 4, the association of negatives with 
prior “immunization” with isologous tissue is presumably irrelevant. 
Since pretreatment was used only in experiments performed during 1957 
and not in those performed prior to this date, such irrelevance is quite 
possible. There are indications that these tumors are now returning to a 
more compatible state. We have already noted that this seems to have 
occurred with the tumor studied by Reinhard et al. (32). 

Final choice between these four explanations is impossible at the 
present time, though number three is perhaps the least likely. The 
technical difficulty presented by the phenomenon is not serious unless 
negatives at the upper dose levels should become more frequent than they 
have been to date. 


Homografts 


1) Age of host.—It is well recognized that resistance to tumor trans- 
plants increases with age (33). In a recent experiment Hewitt (34)— 
determined the TD50, defined as the number of presumed viable tumor 
cells required to give palpable tumors in half the inoculated sites, for 
noninbred mice of different ages tested with S37. The values obtained 
were: newborn, 9; 18 to 25 days, 479; 143 to 174 days, 4,677; 268 to 296 
days, 1,230. 

Makinodan et al. (35) tested the agglutinin production to rat red-blood « 
cells in mice 7, 10, 12, and 16 weeks of age. The titers obtained increased 
with age for the first 3 groups, but showed no additional increase from 12 
to 16 weeks, 

For our purposes, the important age-range extends from about 4 to Vv 
16 weeks. Table 5 shows some results obtained within this age-range 
for C3H tumor E9514 tested in the coisogenic strain C3H.K. This 
combination is appropriate because it regularly gives some deaths, but 
usually considerably less than 100 percent, over a wide range of tumor 
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TaBLe 5.—Relation between age and percentage of deaths among 
C3H.K mice homografted with C3H tumor E9514 (no. of mice 
in parentheses) * 


Se 29-42 | 49-70 | 88-108 


Percent deaths.............. 94 (48) | 81 (98) 63 (51) 


*Combined data of experiments DS-10 and 13, and of dose levels 1,000 to 625,000 
cells per mouse. 


dosage. Fluctuations in mortality due to such a factor as age are thus 
clearly demonstrable. 

It will be seen that there are 94 percent deaths among mice of 4 to 6 
weeks, 81 percent deaths among mice of 7 to 10 weeks, and 63 percent 
deaths among mice of 12 to 16 weeks. The differences between the 
different age groups are probably significant (P=.04 for the difference 
between the youngest and intermediate age group, P=.02 for the differ- 
ence between the intermediate and the oldest age group). 

These were unimmunized mice. However, their capacity for resistance 
is presumably based on an immunologic response to the graft, and while 
we have no data on the effect of age on survival among immunized mice, 
the cited results of Makinodan et al. indicate that age would be an 
important factor in this situation also. For the demonstration of re- 
sistance in coisogenic strains with a weak histocompatibility difference, 
the use of mice at least 10 and perhaps 12 weeks old at the time of 
immunization would appear desirable. 

2) Sex of host—We have reviewed elsewhere (33) some of the reports 
of unequal growth of transplantable tumors in male and female hosts, 
and additional references have been listed by Hauschka (36). As a rule, 

oe for hormonally controlled tumors, any sex difference, when present, 
consists of a higher percentage of growth in males, though in at least one 
instance this greater susceptibility of the males was found to be reversed 
when the route of inoculation was intraperitoneal rather than subcuta- 
neous (37). 

Eichwald and Silmser (38) have made the important observation, con- 

firmed and extended by Prehn and Main (39), that skin isografts made 

Zirom male donors to female hosts are sometimes rejected. Since female- 
to-male grafts, or grafts whose donor and host are of the same sex, are 
almost invariably successful, this is not due simply to a lack of strain 
purity. There are marked strain differences in the phenomenon. While 
the data are still limited, it appears that in strain C57BL such grafts are 
always rejected, in A’s they are sometimes rejected, and in strains BALB/c, 
C3H/He, and DBA/2 the effect, if present at all, is weak. Hirsch (40) 
has found a similar phenomenon in thymic grafts; male-to-female isografts 
in strain C57BL showed a lower percentage of success than isografts 
made in the other three possible donor-host combinations. 

- Hauschka (36) and Snell (41) have suggested that this phenomenon is 

\raue to a Y-chromosome histocompatibility gene. Since only in the male- 
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to-female donor-host combination is the Y chromosome present in the 
donor and absent in the host, this would account for the rejection of 
grafts in this one combination while they are accepted in the others. 
Fox (42) has pointed out that studies with Drosophila emphasize the 
importance of chromosome balance, and that the Eichwald effect may 
be due to the presence of one X chromosome in the male and two in the 
female. In either case the fact that the phenomenon is unequally ex-@ 
pressed in different strains remains unexplained. 

There is no evidence that tumor isografts show the sex phenomenon 
of Eichwald and Silmser, since the few negatives that we noted in isografts 
following pretreatment with tissue of the native strain occurred equally 
in males and females. 

The percentage of deaths by sex of host for tumor homografts in a 
representative group of experiments are given in table 6, and the sex of 
the animal in which each of the tumors arose, where known, is given in 
table 2. AKR tumor S775, which arose in a female, showed almost twice” 
as many deaths in AKR.ALB males as in females. The numbers are 
small, but we have additional data that were unsuitable for combination 
with the data in table 6 because they came from a segregating generation 
but, nevertheless, showed clearly the same sex difference. C3H tumor 
E9514, which arose in a female, showed slight opposite sex differences in 
immunized as compared with unimmunized hosts, but for the combined 
data the deaths in hosts of the two sexes were almost exactly equal. 
C3H.K tumor S916, another tumor of female origin on a C3H genetic 
background, also killed males and females equally. 

Of the three tumors native to one or the other member of coisogenic 
strain pair C57BL and Bi0.LP, two, S838 and S913, arose in males, 
while in the third, C1498, the sex of the original tumor-bearing animal 
is unknown. All these tumors show a large preponderance of deaths in® 
males. In one experiment with S838 where immunization was performed 
with male thymus cells, there were 38 deaths in 39 males, and only 8 
deaths in 38 females (combined with data from other experiments in 
case 9, table 6). In a small experiment in which B10.LP’s were im- 
munized with female C57BL/10 thymus cells and challenged with C1498, 
there were 40 percent deaths in males and 24 percent in females (case 5, 
table 6). 

It is possible that the consistently high proportion of male deaths / 
from tumor homografts in strains C57BL/10 and B10.LP bears some 
relation to the Eichwald phenomenon, though we cannot yet say whether 
it is due to a Y-chromosome histocompatibility gene, to a difference in 
chromosome balance in males and females, or to some physiological 
difference between males and females of strain C57BL and its substrains 
determined by the genetic background of these strains. The fact that 
AKR tumor $775, which arose in a female, shows the same sex difference 
as the C57BL tumors of male origin (though perhaps to a lesser degree) 
would indicate that physiological factors are involved. If it should bow 
shown that the Eichwald effect operates in tumor grafts, as well as in 
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grafts of normal tissue, tumors of female origin in whose use it could 
not be expressed would immediately become preferable to male tumors 
for genetic studies. 

3) Genetic background of host.—The fact that the Eichwald effect shows 
strain differences is an illustration of the importance of strain genotype 
in transplantation phenomena. The donor-host combinations of which 
we have made the greatest use are AKR tumor S775 in strain AKR.ALB, 
C3H tumor E9514 in strain C3H.K, C57BL tumor C1498 in strain B10.LP, 
and B10.LP tumor $838 in strain C57BL/10. Except for the last two, 
these involve strains with different genetic backgrounds. However, again 
except for the last two, they also involve differences in the histocom- 
patibility locus, and for all four combinations they involve different tumors. 
Differences in the results therefore cannot be surely attributed to any 
one of these three factors. 

Heterosis may be a factor in the behavior of hybrid hosts. 

4) Histocompatibility locus —We are presently engaged in establishing 
a new group of isogenic-resistant lines, using exclusively a strain C57BL/10 
background, and crosses so that the differences between the synthesized 
lines and strain C57BL/10 should be at, and only at, loci other than H-2.— 
Once those lines are established, the role of the locus in transplantation 
phenomena can be clearly separated from the role of the genetic back- 
ground or of the tumor. 

The one fact already proved about loci, as mentioned in the introduc- 
tion, is the dominant role played by the H-2 system. 

5) Tumor.—There are great differences in transplantable tumors both 
in their capacity to engender incompatibility reactions in a particular 
host and in their susceptibility to the repressive effect of these reactions 
once engendered. We have pointed out elsewhere (5) that one of the 
ways in which tumors probably differ is in their susceptibility to the 
cytotoxic action of humoral antibodies. 

The median killing times for isografts of the four tumors most frequently 
used in these studies were: C1498, 15 days; E9514, 20 days; S775, 28 days; 
$838, 50 days. When the tumors were homografted in effectively immu- 
nized mice of the coisogenic strain, there were often, despite the immu- 
nization, some deaths. However, the survival time of these mice was 
often longer than that of mice of the native strain bearing the same 
tumor. Specifically, with tumors C1498, E9514, and S775, the median 
survival time was more than doubled as compared with isografts; for 
5838, it was essentially unchanged. We make the tentative suggestion 
that this behavior of slow-growing S838 is the consequence of an unre- 
sponsiveness of this tumor, except for the first few days after implanta- 
tion, to the immune mechanisms of the host. 

A major problem in the use of transplantable tumors in genetic studies 
is the tendency of the tumors to change their characteristics during suc- 
cessive transplantations. We have reviewed the question of mutations 
in transplantable tumors elsewhere (33, 43) and shall merely add here 
two examples drawn from the tumors used in this study. AKR tumor 
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$775 was noted as killing 3 out of 12 unimmunized AKR.ALB mice 
inoculated on March 15, 1955, but has killed all unimmunized AKR.ALB’s 
in tests on or subsequent to March 11, 1957. C3H.K tumor S916 tested 
at a dose level of 125,000 cells per mouse in C3H hosts immunized by the 
intra-abdominal route with an 11-to 15-day interval gave no deaths 
among 19 mice inoculated on December 5, 1956 (case 1, table 13), 23 
deaths in 40 mice inoculated May 6, 1957 (cases 5 and 6, table 14), and no 
deaths among 10 mice inoculated July 2, 1957 (data not included in 
tables). The conditions of immunization were not identical, but the 
differences appear quite insufficient to account for the differences in the 
behavior of the tumor. Fortunately fluctuations as extreme as this are 
rare. There are indications that some tumors in course of time may 
become so virulent as to be unsuitable for genetic studies, even when the 
most effective methods of immunization are used. 

6) Route of tumor inoculation.—The likelihood that tumor homografts 
will grow progressively is influenced by the route of tumor inoculation. 
For genetic studies, the desired situation is one in which isografts grow 

Fs homografts do not. The routes of inoculation sufficiently con- 
venient to be considered for such studies are: intra-abdominal, intra- 
muscular, and subcutaneous. 

A few comparisons of the growth of homografts made by these dif- 

~ ferent routes have been reported. Hewitt (26) found that the TD50 for 
S37 was 245 viable cells per mouse for the intramuscular route, 1,288 
cells for subcutaneous inoculations. Feldman and Sachs (44) found 
that C3H tumor MC1M grew intraperitoneally in foreign mice but failed 
to grow intramuscularly, though other tumors either grew or failed to 
grow by both routes. 

Some results with ascites tumor SalI-A implanted intraperitoneally and 

subcutaneously in resistant hybrid mice are given in table 7. The 
intraperitoneal route resulted in more deaths at all dose levels. It 
should be noted that, contrary to all other tests reported in this paper, 
donor and host in this instance differed at the H-2 locus. We have pre- 
viously (/0) described some tests with C57BL/10 tumors C1498 and 
B12, the latter an ascites tumor, transplanted to B10.LP’s by the sub- 
cutaneous and the intraperitoneal routes, respectively. In this case it 
was C1498 by the subcutaneous route that caused the deaths; nearly all 
the mice receiving B12 survived. It cannot be inferred, however, that 
the route was the determining factor in this instance, since C1498 is a 
much older tumor than B12 and is known to have increased in virulence 
during successive transfers (12). 
In general, available evidence would seem to indicate that tumor 
4 homografts are more lethal by intraperitoneal than by intramuscular 
routes, and by intramuscular than by subcutaneous routes. There seems 
to be a paucity of data comparing the lethal dose level of isografts by the 
different routes, and without this the merits of the different routes for 
_genetic studies cannot be positively evaluated. However, Hewitt (26) 
reported no difference in the TD50 for isografts of a C3H sarcoma by the 
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subcutaneous as compared with the intramuscular routes. Unfortunately, 
his homografts that did show a difference, were made with another tumor, 
S37. However, Hewitt concludes that the “. . . likely explanation 
of the site difference found for S37 would appear to be that local resistance 
mechanisms are less readily manifested in the intramuscular sites.” If 
such mechanisms are in fact especially active against transplants in sub- 
cutaneous sites, this has favorable implications for the value of this site 
for studies of the genetic basis of resistance. 

Amos, Gorer, and Mikulska (3), in the genetic study already referred 
to, used both intraperitoneal and subcutaneous routes of tumor inocula- 
tion, and obtained equivalent results from each. Yet the intra-abdominal 
route is subject to the disadvantage that the negative state is not as 
easily or as certainly determinable as it is with intramuscular and, es- 
pecially, subcutaneous transplants. Altogether the almost universal use 

that has been made of the subcutaneous route in genetic studies would 
seem to be well justified. 

Within the subcutaneous area itself there is a possibility of much varia- 
tion between sites. Hewitt (26) obtained a higher incidence of tumors 
from homografts of S37 made in the axilla than from grafts made in the 
groin. Talalay et al. (45) note that subcutaneous grafts may become 
vascularized either from the muscle or the skin, and Zahl and Nowak (46) 
were able at will to produce muscular implantation of subcutaneous trans- 
plants by tearing the subcutaneous tissue at the graft site with the points 
of a pair of scissors. In both cases the muscular implantation favored 
growth. 

7) Number of tumor cells implanted ——When tumors are isografted, using 
a counted tumor-cell suspension implanted subcutaneously, the percent- 
age of deaths rises rapidly with the dose, reaching 100 percent at a dose 
level that varies greatly from one tumor to another, but that does not 
ordinarily exceed 25,000 cells (total count including nonliving cells). 
What is the relation of percentage of deaths to tumor dose for homografts? 

As a rule, tumors grafted subcutaneously in a foreign strain fail to 

VWahow progressive growth at any dose. The two principal exceptions are 
the so-called nonspecific tumors, which grow in a high percentage of mice 
of any strain, and tumors grafted between coisogenic strains with a weak 
histocompatibility difference, in which situation most tumors will grow 
in at least some of the hosts. We are not concerned with the nonspecific 
tumors, except to point out that successful homografting of these tumors 
usually requires a larger number of cells than is required for isografting, 
though in heterozygous hosts an occasional animal may be of a nearly 
compatible genotype and accept a graft made with few cells (33, 47). 
The coisogenic strain-pairs AKR and AKR.ALB, C3H and C3H.K, and 
C57BL/10 and B10.LP provide a unique material for studying the growth 
of tumor homografts in hosts with only a weak potential for resistance to 
tissue from the coisogenic donor. 

Results of such homografts at different dose levels are shown in tables 
8,9, and 10. Cases 1, 2, 3, 4, 5, and 8 of table 8 show results when the 


Journal of the Nati 1 Cancer 


HISTOCOMPATIBILITY GENES OF THE MOUSE 807 


hosts were unimmunized. In all other cases the hosts had been pre- 
treated with embryo or thymus from the coisogenic tumor-donating strain, 
though usually under conditions which were less than optimal for effective 
immunization. 

It is immediately apparent from the figures in table 8 that, with the 
possible exception of tumor $838, there is no such simple relation between 
number of cells administered and percentage of deaths as exists with 
isografts. In most, deaths are distributed rather evenly at all dose levels. 

AKR tumor $775 tested in unimmunized AKR.ALB and AKR.ALB 
resistant F, gave 12 and 0 percent deaths at 25,000 and 125,000 cells, 
respectively, but higher values, ranging from 38 to 70 percent, at both 
higher and lower doses (table 8, case 1). This curious dip in the middle 
of the dosage range is apparently significant. (Deaths for 1,000 x 5? + 5° 
cells compared with 5° + 5! or with 5* + 5°, P < .001. In tests performed 
at a later date, as already noted, this tumor killed all AKR.ALB’s.) 

In immunized hosts there were 24 percent deaths at 125,000 cells, 50 
percent deaths at 3,125,000 (table 9, case 1). The rising incidence of 
deaths with increasing dose for this dose range would thus seem to be 
confirmed, but in the absence of repetition the inverse relation of dose to 
deaths in the 100 to 125,000 dose range may be viewed with some skepti- 
cism, though we know of no objection to the data as presented. 

CH3 tumor E9514 tested in unimmunized C3H.K gave essentially a 
level distribution of deaths over the whole dose range, though with a 
suggestion of a peak at 5,000 cells per mouse (table 8, case 2). Essen- 
tially the same distribution, except for a slightly higher general level of 
deaths, was obtained for a younger group of mice not included in the table. 
In immunized mice also, for doses of 125,000 and above and for E9514 
implanted by trocar, there was no indication of a difference in percent 
deaths depending on dose, though because of the protection provided by 
the immunization the general level was, of course, lower (table 9, case 2; 
table 10, case 1). In general, the growth of this tumor in the coisogenic 
strain over the whole dose range from 1,000 to 3,125,000 cells seems to 
be remarkably free of any dose effect. 

Tumor C1498, native to strain C57BL/6, was lethal to all unimmunized 
mice of strain B10.LP in all doses of 25,000 or higher, though there were 
a few survivors in B10.LP X LP resistant hybrids receiving 25,000 or 
125,000 cells (table 8, cases 3, 4, and 5). In immunized mice there was 
a lower percentage of deaths that varied with the method of immuniza- 
tion but that showed no clear dependence on dose (table 8, cases 6 and 7), 
though in one group of tests the deaths rose from 18 percent at 125,000 
cells to 48 percent at 625,000 cells (table 9, case 3), an increase that is 
possibly significant (P = .03). Implants by trocar showed no difference 
in lethality from a combined value for the higher sieve doses (table 10, 
case 2). Altogether, our impression of this tumor is that its dose rela- 
tions are much like E9514, though with perhaps a slight direct dependence 
of lethality on number of cells administered not shown by E9514. It is, 
however, much more lethal in unimmunized mice than E9514, though it 
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TaBLe 9.—Percentage of deaths from subcutaneous homografts of 5 tumors given at 4 dose 
levels to mice preimmunized with donor-strain thymus or embryo 
(no. of mice in parentheses) 


Case 


Tumor dose, 1,000 X 
Donor 


Host strain steain 5 53 54 55 


1 AKR.ALB.... AKR $775 = 24 (25) — 50 (20) 
ave: C3H E9514 10 (40) 10 (40) 
3 B10.LP F,f...| CS57BL/6 | C1498 — 18 (55) | 48 (52) — 

C57BL/10} $913 21 (24) — 20 (20) 
5 C57BL/10 and 


C57BL/10 F,t.| B10.LP | S838 | 17 (60) | 41 (58) | 62 (60) — 


*The experiment numbers and age of hosts for each case are: 1, DS-38, 70-99 days; 2, DS-28 and H-12(5), 70-110 

days; 3, H-39(3, 4), 74-95 days; 4, H-39(7), 86-122 days; 5, DS-9, 19 and H-35(5), 69-109 days. 
+B10.LP X C57BR/a, RIII/Ri, and RIII/Wy. 

tC57BL/10 X BALB/c, C57BR/a, and C57BR/cd. 


cannot be asserted that this is the tumor rather than the donor-host com- 
bination in which it operates. 

Tumor $838, like C1498, was lethal in unimmunized mice of the coiso- 
genie strain (table 8, case 8), in fact we found in the absence of immuni- 
zation, no demonstrable difference in the growth of this tumor in the 
native B10.LP and the foreign C57BL/10 strains. When the hosts were 
immunized, there was complete protection at the lower doses (1,000 and 
5,000 cells), decreasing protection for increasing sieve doses, and almost 
none when implants were made by trocar, which may be taken to repre- 
sent the maximum dose (table 8, case 9; table 9, case 5; table 10, cases 3 
and 4). The most extensive data are from three tests including C57BL/ 
10’s and resistant F, hybrids given 25,000, 125,000, and 625,000 cells. 
The percent deaths were 17, 41, and 62, respectively. The differences 
between the first and second and the second and third values are probably 
significant (P < .01 and P = .02). Ina recent test with immunized hy- 
brids there were 0 out of 10 deaths at 125,000 cells and 10 out of 10 at 
3,125,000 cells (data not included in tables). Native strain controls 
were all killed at the lower dose. Quite clearly deaths from this tumor 
show a marked dependence on dose. 


TaBLe 10.—Percentage of deaths from subcutaneous homografts of 3 tumors given as cel 
suspensions and by trocar to preimmunized mice 
(no. of mice in parentheses) 


Case Host strain Donor | Tumor Immunization 1,00 


,000 | Trocar 
No.* | strain 53 and 54 


1 


BALB/c..... C3H E9514 | C3H embryo...... 37 (38) | 38 (29) 
2 B10.LP and.... 
B10.LP F,{+. .| C57BL/6 | C1498 | C57BL/10 embryo.| 33 (107)| 35 (60) 
3 Y57BL/10..... B10.LP $838 | B10.LP thymus...| 86 (29) |100 (20) 
4 C57BL/10...... B10.LP $838 | B10.LP embryo...| 37 (49) | 93 (29) 


*The experiment numbers and age of hosts for each case are: 1, H-1#(1, 2), 70-90 days; 2, H-39(3, 4), 73-97 days; 
3, DS-19, 77-91 days; 4, DS-9 and 19, 77-92 days. 


tSee table 8, ffootnote, for the other parent of the Fi mice. Also see table 8, case 4 for the separate results for the 
125,000 and 625,000 dose levels. 
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C57BL/10 tumor $913 has been tested much less extensively than the 
others, but seems to fall in the class of tumors which is unresponsive to 
dose (table 9, case 4). 

Some additional data on the relation of dose to deaths resulting from 
tumor homografts will be found in table 7. Here, with donor and un- 
immunized hosts differing at the H-2 locus, there is a clear inverse rela- 
tionship between percentage of deaths and dose for subcutaneous grafts 
over the range 25,000 to 3,125,000 cells. A similar effect was noted by 
Bashford et al. in 1907 (48) for an epithelial tumor of the mouse given 
subcutaneously by trocar over the dose range 0.025 to 0.1 gm. per mouse. 
The relation for intraperitoneal implants in our experiments is less clear, 
but Klein (49) says of this situation (in tests also involving an H-2 dif- 
ference), ‘It has been demonstrated for . . . ascites tumors that optimum 
growth is obtained when medium-sized inocula are used.” 

The significance of the varied behavior of the different tumors at dif- 
ferent dose levels is largely obscure. We would suggest, however, that 
the inverse relationship between tumor dose and percentage of growth 
found with Sal may perhaps be the result of a phenomenon described by 
Kaziwara (50). This author found that the inoculation of small intra- 
peritoneal doses of the Ehrlich ascites carcinoma resulted in ‘immuno- 
selection” favoring the hypertetraploid and hence presumably resistant 
cell strains. Under these circumstances, a small dose might lead to pro- 
gressive growth when a larger dose would not. Another possible ex- 
planation is that the larger doses carry enough cellular debris and normal 
donor leukocytes to establish an early immune response. With the 
smaller doses these materials might be below the effective level for anti- 
genic stimulation. 

Whatever the interpretation of the results, their application to genetic 
studies of weak histocompatibility-gene differences is clear. In general, 
it would appear that to get successful discrimination between the suscep- 
tible (native) and resistant (foreign) members of a coisogenic strain pair 
with a weak histocompatibility difference, following pretreatment with 
tissue from the tumor-donating strain, there is sometimes a great ad- 
vantage and never a marked disadvantage in using small doses of about 
25,000 to 625,000 cells per mouse. In accord with this, Stoerk, Budzilo- 
vich, and Bielinski (16) showed that immunization would protect rats 
against a subcutaneous implant of 250,000 cells of the Murphy-Sturm rat 
lymphosarcoma but not against 10,000,000 cells, and Amos, Gorer, and 
Mikulska (3), in their demonstration that immunization would reveal 
histocompatibility-gene differences not detectable in its absence, used 
doses of 175,000 and 540,000 cells per mouse by the subcutaneous route, 
and 77,000 and 142,000 cells by the intraperitoneal route. Also Gross 
(51) found that mice immunized by a small intradermal inoculation of 
tumor would usually survive a subsequent small subcutaneous inocula- 
tion but not one 20 times larger. 

8) Volume of suspending medium.—Except in a few instances where it 
was necessary to use 0.15 cc. of tumor-cell suspension per mouse to 
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achieve the desired number of cells, we regularly used 0.1 cc. per a 


It seems unlikely that variation within this range would have any effect 
on the subsequent growth of the tumors, and in fact we saw no sign that 
that it did. Greater volumes, however, should they tear the subcutaneous 
tissues enough to lead to intramuscular implantation, might significantly 
favor tumor growth (44, 46). 

9) Use of heparin—We made no systematic investigation of the effects 
of heparin. On the few occasions that we used it to prevent clotting of 
ascitic fluid or clumping of tumor-cell suspensions there was no evidence 
that it had any deleterious effect on the subsequent growth of the tumor 
implants. 

10) Storage of cell suspensions and nature of suspending medium.—In 
the previous sections we have considered a number of variables involving 


the host and the tumor. In sections 10 through 16 we discuss some™ 


variables in the immunization procedure. 

Since in immunizing large numbers of mice the cell suspensions used 
have to stand for some time, it seemed advisable to test the effect of stor- 
age on activity. Table 11 shows the fraction of mice dying from homo- 


TABLE 11.—Effect of storage of cell suspensions of thymus on capacity of cells to immunize, 
as indicated by fraction of mice dying from a subsequent tumor implant 


Host strain Tumor* | Mediumt oatek Storage (in hours) 
controls 0 1% 3 6 
C1498 BGR 10/10 8/13 | 1/10 | 6/10 | 5/11 
CS) $838 BGR 10/10 6/9 5/9 6/10 | 7/9 
$838 ML538/2 5/9 5/10 | 5/10 | 6/10 


*Cells per mouse = 125,000. 


+The doses of thymus cells administered per mouse in the three tests were: 922,000, 1,440,000, and 1,620,000, 
respectively. 


grafts of C1498 or S838 following immunization with thymus cell suspen- 
sions that had stood at room temperature for 0, 1%, 3, or 6 hours. Two 
media were used: BGR and a more complex medium ML538/2, kindly 
provided by Dr. Charity Waymouth. The latter is similar to ML192/2 
(52) except for the absence of proteins and the presence of added trace 
elements and extra Mg. The results give no indication of any detrimental 
effect of storage or of any difference in the preservative action of the two 
media over the time-rarige investigated. We may conclude that thymus 
cell suspensions in BGR retain their activity as long as is necessary for 
our purposes. 

We have already reported that tumor-cell suspensions in BGR retain 
their activity at least as long as is necessary for satisfactory use in trans- 
plantation experiments (22). 

11) Number of cells used for immunization.—Stoerk, Budzilovich, and 
Bielinski (16) immunized rats with 1 cc. of a 20 percent suspension of 
thymus or spleen containing, respectively, approximately 100 million or 
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300 million cells. Amos, Gorer, and Mikulska (3) in one experiment 
used 0.3 ec. per mouse of whole blood, in others 0.1 ec. On the basis of 
the figures of Russell et al. (53) for C57BL mice, 0.1 ec. should contain 
about 1 million white blood cells. There was no indication that the larger 
dose was more effective than the smaller. Mitchison (17), testing im- 
munity against Sal in CBA mice, found that approximately 100,000 cells 
from a peritoneal exudate or 1 million cells of minced spleen given intra- 
peritoneally would produce significant protection. Mitchison’s tables 
suggest that larger doses were somewhat more effective, though Mitchison 
himself does not draw this conclusion. That Mitchison found it necessary 
to use 10 times as many spleen cells as exudate cells may be related to the 
probable presence of damaged cells in the spleen preparations, or it may 
indicate a greater actual efficacy of the exudate. In the early use of 
thymus for immunization we employed 1 million cells per mouse, and 
obtained, on the whole, satisfactory results. This figure may include a 
considerable proportion of nonliving cells. 

Table 12 shows the results of a test in which C3H.K mice were im- 
munized with C3H thymus in doses ranging by multiples of 5 from 
5,000 to 3,125,000 cells per mouse, and then challenged with C3H tumor, 
E9514. For reasons indicated in sections 12 and 15, two routes and 
different intervals were used. It will be seen from the table that no dose 
lower than 625,000 cells gave any evidence of immunization, and that 
3,125,000 cells with 0 deaths in 15 mice, appears more effective than 
625,000 cells with 3 deaths in 20 mice. It is probably safe to conclude 
that 1 million cells is uncomfortably close to the minimum effective 
dose, at least for immunization against a ‘“‘weak”’ isoantigen such as that 
determined by H-1. We are currently using 10 million cells per mouse. 
TaBLe 12.—Fraction of mice dying from tumor E9514 homografted subcutaneously on 


right side of C3H.K’s, 125,000 cells per mouse, following immunization with varying 
doses of C3H thymus 


Route of immunization Interval Immunization dose, 1,000 X 


(days) 51 52 | 53 | 54 


Subcuteneous, on right 2/10 | 9/10 | 4/10 | 1/10 
Intraperitoneal 5/10 | 1/10 | 7/10 | 2/10 


Total (in % 35 50 55 15 


In homografts of E9514, S838, and C1498 we found good protection 
(5 to 10% deaths) as a result of subcutaneous implants of donor-strain 
, embryo made by trocar, followed by a 14-day interval. There was a 
slight though not significant advantage shown by implants made on the 
same side as the subsequent tumor graft rather than on the opposite side. 
Embryonic tissue thus implanted usually grows to produce a palpable 
nodule that may persist for weeks. We have no controlled tests of the 
effectiveness of this method of immunization as compared with the in- 
traperitoneal inoculation of an «mbryonic cell suspension. 
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12) Route of immunization.—In one of the most thorough of the early 
studies of immunization against tumor transplant, Higuchi (54) used the 
subcutaneous route. Stoerk et al. (16), used usually the intraperitoneal 
route, occasionally the intravenous, and Amos et al. (3) entirely the in- 
traperitoneal. Medawar (55) reported that in rabbits the intradermal 
injection of donor leukocytes was 18 times as effective in evoking im- 
munity to skin grafts as injection by the intravenous route. Aside from 
this one statement of Medawar’s, there is little in the literature of tissue 
transplantation to indicate that one route is to be preferred to another. 

Table 13 shows the result of 4 experiments comparing 3 routes of 
immunization—intraperitoneal, subcutaneous on the right side (same 
side as subsequent tumor graft), and subcutaneous on the left side (op- 
posite side from subsequent tumor graft)—and 2 intervals between the 
immunizing injection and tumor implantation, 5 to 7 days and 14 to 18 
days. In one experiment (cases 4 and 5, table 13), 2 different immunizing 
tissues, thymus and embryo, were also compared. In different experi- 
ments, different tumor-host combinations and different dose levels of 
thymus for immunization (1,000,000 and 4,000,000) cells were used, but 
these were not varied in any one experiment. 

A comparison of the totals for all four experiments shows that all a | 
munized groups were protected to some degree. The controls showed 67 
percent deaths (or 76% deaths, if we correct for a lack of proportionality 
in number of animals in some of the experimental and control groups), 
while the groups receiving immunization under the 6 different conditions 
tested showed deaths ranging from 6 to 68 percent. Within these groups, 
certain comparisons are of particular interest. 

At the 5- to 7-day interval, subcutaneous immunization on the right 
side gave the best(protectiop (23% deaths, as compared with 68% for 
subcutaneous on left and 43 for intraperitoneal). The difference between 
immunization on the two sides is highly significant (omitting case 2, which 
involved one side only and whose inclusion would further emphasize the 
difference, P<.001). The difference between immunization on the right 
and immunization intraperitoneally is also probably significant (P=<.01), 
though here the advantage is due almost entirely to the behavior of tumors 
in C3H and C3H.K hosts. At the 14- to 18-day interval the advantage 
has shifted to the intraperitoneal route (6% deaths), and the difference 
between the two sides for subcutaneous immunization (24 and 28% 
deaths) has virtually disappeared. The advantage of the intraperitoneal 
route at this time as compared with any other route or time interval is 
highly significant (P<.001). 

It is therefore clear that in these experiments an intraperitoneal injec- / 
tion followed by an interval of about 14 days gave the best results. The 
optimum interval is discussed further in section 15. It should be empha- 
sized that the immune state in a host which has received an injection of 
foreign tissue is in continual flux, and involves at least two types of im- 
mune response, the cellular and the humoral, which wax and wane by 
different patterns (see 56 for review). Also, the challenging tumor must 
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be taken into consideration since different tumors do not respond equally 
to humoral and to cellular antibodies (5). Of the tumors used in the 
tests summarized in table 21, C1498 and E9514 are known to be suscep- 
tible to the cytotoxic action of humoral antibodies (6 and Dr. Henry 
Winn, unpublished data). Tumors insusceptible to these antibodies might 
behave differently. 

The advantage of immunization on the same side as the subsequent 
tumor implant, as compared with the opposite side, at the 5- to 7-day 
interval, was an unexpected finding, though not altogether surprising in 
view of the importance in immunity to grafts of the lymph nodes draining 
the graft site (57). 

13) Tissue used for immunization.—If immunization is to be used as a 
tool in studies of histocompatibility genes, it is important that it be per- 
formed with a tissue that is not only effective but also readily available 
in adequate quantities, free from infections, and easily prepared and 
administered. The extensive early literature on immunity to tumor 
homografts, while based on experiments with noninbred animals, never- 
theless makes it abundantly clear that some tissues have much more 
immunizing capacity than others. It would be out of place to review 
this literature here, but we may note that we found the older reports of 
Higuchi (64), Itami (69, 60), and the more recent papers of Stoerk and @ 
coworkers (16, 61) most useful. 

In the light of these reports, two tissues seemed particularly promising— 
tissue from embryos near term, and thymus. The possibilities of the 
latter were first called to our attention by Dr. Avrion Mitchison. Spleen 
also is easily obtained and has good immunizing capacity, but is apt to 
be infected (62). Amos, Gorer, and Mikulska (3) were notably successful 
with blood, but this requires more donors and more labor in preparation. 

We first used Fn a mince by the subcutaneous route, but after 
noting indications that the intraperitoneal route was more effective, 
experimented with a cell suspension in BGR and found this easily pre- 
pared (see wnder Methods) and readily administered. The heads were ~ 
removed because brain and bone are both reported as nonimmunizing. 
Embryo and thymus have proved so satisfactory that, except for one 
small experiment with blood cells, no other sources of tissue have been 
tested. 

Table 14 shows the results of some experiments in which the immunizing 
potencies of thymus and embryo were compared. With 11- and 13-day 
intervals between immunization and tumor implantation, there was no 
indication of any difference in the effectiveness of the two tissues. With 
a 7-day interval (cases 8 and 9) there seemed to be a slight advantage in 
favor of thymus, with a 14-day interval (cases 10 and 11) embryo was 
the more effective. The role of the interval in these results is discussed 
in section 15. 

In the one experiment with white and red blood cells, made with the 
kind assistance of Dr. Amos (data not included in the tables), the former 
were decidedly efficacious in producing immunity to a subsequent tumor 
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implant, the latter without effect. The cells were tested in both the 
C57BL/10-B10.LP coisogenic strain pair, with an H-3 difference, and in 
the C3H-C3H.K pair with an H-1 difference. We can therefore say that 
the H-1 and H-3 antigens are present in or on the white blood cells, but 
there is no evidence that the red cells carry them. 

The suspension of white blood cells gave slightly better immunization 
than a thymus-cell preparation run in the same experiment, but there 
may have been many more living cells in the former than in the latter. 

Because of the ease with which a thymus cell suspension can be prepared, 
the absence of infection, and the relatively small number of donors re- 


transplant immunity. 

14) Number of immunizing injections.—While it is common practice to 
use multiple injections of antigen to develop a strong immunological 
response, a single inoculation of tissue is normally used to produce im- 
munity to tissue or tumor transplants. We have not attempted to test 
the validity of this procedure, but there are some indications from the 
literature that it is justified. Bashford et al. (63) state, though without 
presenting data, that two injections of blood 10 days apart do not produce 
markedly better results than a single injection. Mitchison (57) found that 
the immune state against grafts which he demonstrated in lymph nodes 
did not rise to as high a peak after a second stimulus as after the first. 
This contrasts with the production of humoral antibodies, which is in- 
creased by repeated stimulation. Since the cellular type immunity with 
which Mitchison was concerned is particularly important in the suppres- 
sion of grafts, this observation would tend to indicate that multiple injec- 
tions would not be advantageous. Werder and Hardin (64) have in fact 
reported that a tolerant rather than an immune state is produced by the 
repeated skin-grafting of mice, but there are some indications that they 
were dealing with a rather special situation. MacDowell et al. (65) used 
repeated injections with increasing numbers of tumor cells to produce 
immunity to a leukemia in the strain in which it arose. 

15) Interval from immunization to tumor transplantation.—Higuchi (54) 
found that the protection produced by an inoculation of mouse spleen was 
greatest if the tumor was transplanted 10 to 12 days later. The immuniz- 
ing injection was given subcutaneously on the back and the tumor implant 
subcutaneously in the right axilla. When working with tissues which 
are absorbed slowly, Higuchi preferred a longer interval, e.g., 21 days for 
embryo skin. Bashford et al. (48) used a 2- to 4-week interval when im- 
munizing with embryonic skin. Our own results, described in section 13, 
also point to an earlier peak for thymus than for embryo. At the 7-day 
interval thymus gave better protection than embryo, but the reverse was 
true at the 14-day interval (table 14, cases 8 to 11). Stoerk, Budzilovich, 
and Bielinski (16), testing the immunizing capacity of spleen given intra- 
venously or intraperitoneally to rats, found peak protection between 6 
and 10 days. Considerable immunity was already present by 3 days, and 
from 11 to 27 days there was a steady decline. Amos et al. (3) used inter- 
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vals of 7, 10, and 12 days between intraperitoneal injection of whole 
mouse blood and tumor inoculation, with essentially equivalent results. 

One of the most informative series of experiments has been carried out 
by Barrett and Hanson (18 and personal communication). These authors 
used a tumor of DBA/2 origin and BALB/c hosts, a donor-host combina- 
tion with the same H-2 allele (H-2*) but with multiple differences at other 
histocompatibility loci (7). Immunization was accomplished by sub- 
cutaneous inoculation in the interscapular region of washed DBA/2 
erythrocytes. The interval to challenge was varied from 2 to 60 days. 
Whereas there was only about 10 percent survival in controls, survival 
in immunized animals reached 100 percent, this peak in 4 different experi- 
ments coming at 8 to 14, 10, 12 to 16, and 12 days. In agieement with 
\ethe similar experiments of Higuchi, 10 to 12 days would appear to be the 
optimum interval. 

A surprising finding of this series of experiments was that there is a 
second peak at 23 to 26 days, and possibly a third peak at 45 days. Sur- 
vival at these peaks reached averages of 87 and 67 percent, respectively, 
with intervening dips to 59 and 41 percent. It is interesting to note that 
Higuchi’s data (54, table 7) also indicate a secondary peak at 22 to 24 
days, and in the single test at 28 days in the experiments of Stoerk et al. (16) 
a rise also occurred. 

The tests that we have conducted have usually been confined to inter- 
vals of 5 to 18 days, and most commonly 7 and 14 days. In one experi- 
ment, however, 3 groups of 28 or 29 resistant F,; B10.LP x C57BR/a 
each were immunized by a subcutaneous inoculation of C57BL/10 embryo 
by trocar on the left side, and challenged 7, 14, and 21 days later with 
C1498 subcutaneously on the right side. There were 72, 64, and 87 per- 
cent survivors, respectively, at the three intervals. The numbers are 
too small for the results of this one experiment to be significant, but they 
are entirely in accord with Barrett’s evidence that there are two separate 
peaks. The first peak and the intervening trough appear to have come 
rather early, however. Table 13 shows consistently better results at 14 
days than at 7 days. A possible explanation is that the experiment cited 
employed F, hybrids, whereas all the data in table 12 were obtained with 
inbred animals. We have been surprised to note in a number of tests 
rather poor protection with hybrids at 14 days, and it would seem a dis- 
tinct possibility that the hybrid vigor possessed by these animals is ex- 
pressed by a more rapid passage through the immune cycle described by 
Barrett (18) with earlier achievement of peak immunity and earlier 
__ subsequent relapse. 

In summary, there are two sets of experiments (Higuchi, Barrett, and 
Hansen) which agree in showing that for mice immunized subcutaneously 
on the back with rapidly absorbed tissues, such as thymus or blood, peak 
protection is obtained when tumor homografting is performed 10 to 12 
days later. Our own results showed greater protection against a tumor 
graft performed 5 to 7 days after subcutaneous immunization when the 
immunization was on the same side as the tumor graft. Whether im- 
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munization on the same side gives an earlier or a higher peak than im- 
munization on the opposite side, or than immunization dorsally, or merely 
a more rapid initial rise, is a question as yet unanswered. 

There is rather good evidence that a somewhat longer interval than 
10 to 12 days is to be preferred following immunization with such a tissue 
as embryo, which is capable of considerable proliferation. 

Following intraperitoneal immunization in the rat, Stoerk et a/. found 
peak immunity at 6 to 10 days, but our own results with the mouse, while 
not accurately localizing the peak, indicate a later onset. Possibly this 
is a species difference. An acceleration in the appearance of peak im- 
munity in F, hybrids is a possibility that deserves consideration. 

There are two additional variables which should be borne in mind in 
future studies: 1) Those tissues, particularly certain lukemias, which can 
be destroyed by humoral antibody may respond to a different peak than 
tissues which are destroyed only by the cellular immune factor. 2) Maxi- 
mum vulnerability of the graft does not necessarily occur on the day of 
grafting; thus skin would appear to reveal an earlier peak than tumor if 
its maximum vulnerability developed later. 

16) Age of donor providing the immunizing tissue—In immunization 
with thymus, the age of the donor providing the tissue presents no prob- 
lems. The fact that young animals—we use them where possible im- 
mediately after weaning at about 4 weeks of age—yield the most tissue is 
a distinct advantage. With embryos, the possibility that some isoanti- 
gens may not be fully matured must be taken into consideration. Burke 
et al. (66) found that antigens having adult organ specificity do not appear 
until the organs are well differentiated morphologically. Gorer (67) 
states that the H-2 antigens are not demonstrable in 16-day-old embyro 
mice. And Billingham ef al. (68), in their experiments with the induction 
of immunity with disintegrated nuclei were unsuccessful when embryonic 
tissues were employed. Yet these authors found that immunization of 
mice with undamaged cells from 11%- to 12%-day embryos was effective 
against skin homografts performed 3 days later, and we have used em- 
bryos which, judging by their size, were several days short of term with 
excellent results. 

Summary and Conclusions 


The strain pairs C57BL/10 and B10.LP, C3H and C3H.K, and AKR 
and AKR.ALB have been made, by appropriate crosses, almost geneti- 
cally identical or coisogenic except for differences at certain specific loci. 
C57BL/10 and B10.LP differ at agouti (A) and histocompatibility-3 
(H-3), C3H and C3H.K at ¢ and H-1, and AKR and AKR.ALB probably 
at a histocompatibility locus previously unidentified and which hence 
may be assigned the symbol H-4. The histocompatibility differences in 
all cases are weak ones (by comparison with most differences at the 
H-2 locus), as shown, among other things, by the fact that transplantable 
tumors from one member of the coisogenic strain-pair usually grow in a 
high percentage of mice of the other member unless the host mice are 
preimmunized with donor tissue. 
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This paper is concerned with finding how transplantable tumors can be 
best used to reveal histocompatibility differences, even when the differ- 
ences are weak as in these particular strain pairs. This means getting 
100 percent deaths in the native strain and 0 percent or almost 0 percent 
deaths in the isogenic-resistant strain. As a result of a survey of the 
literature and of a series of tests, it is concluded that optimum, or nearly 
optimum, results can be obtained by: 1) use of hosts at least 10, perhaps 
better 12, weeks old; 2) immunization with a single intra-abdominal in- 
jection of 10 million thymus cells; 3) use of an interval of 11 days between 
immunization and tumor implantation; 4) administration of the tumor 
subcutaneously with a controlled cell dose, which has to be selected on the 
basis of knowledge of the characteristics of the particular tumor em- 
ployed but which should usually be in the range 25,000 to 625,000 cells 
per mouse (total cell count including nonliving cells). 

In the tests here reported, the following facts about tumor isografts 
and homografts in the various coisogenic strain-pairs were established. 

1) In isografts, the percentage of deaths rose rapidly with increasing 
dose, and, with infrequent exceptions, was always 100 above some level 
that was characteristic of and relatively constant for each tumor. For 
the different tumors included in this study, this level ranged from about 
200 cells to about 125,000 cells per mouse. 

2) The relation of dose to percentage of deaths was far more complex 
for homografts than for isografts. When homografted in unimmunized 
mice of the coisogenic strain, tumors C1498 and S838 grew almost or 
quite as readily as they did when isografted. Immunization with donor- 
strain thymus or embryo resulted in the production of survivors, but 
whereas the percentage of survivors was almost independent of dose for 
tumor C1498 above a certain minimum dose level, it was directly related 
to dose with S838. Hence, with this tumor it was necessary to use a small 
dose, about 125,000 cells per mouse, to get a high percentage of survivors. 
Deaths were perhaps even more independent of dose for E9514 than for 
C1498, but E9514 differed from C1498 in that there were survivors in 
unimmunized mice at all dose levels. 

3) Tumors homografted between strains C57BL/10 and B10.LP 
rendered resistant, where appropriate, by immunization with donor-strain 
tissue produced many more deaths in males than in females. Tumor 
$775, which arose in a female AKR, showed a similar sex difference in 
AKR.ALB hosts, but a clear sex difference was absent with tumors of 
C3H or C3H.K origin. 

4) Thymus cells stored in buffered-glucose-Ringer’s medium for 6 hours 
showed no loss of immunizing capacity. 

5) There was no evidence of immunization to a subsequent tumor 
homograft when donor-strain thymus cells were given either subcutane- 
ously or intra-abdominally in doses of 125,000 cells per mouse or less. 
A dose of 625,000 cells produced slight protection; a dose of 3,125,000, 
cells considerable protection. 

6) With a 5- to 7-day interval between immunization and tumor 
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implantation, subcutaneous immunization on the same side as the subse- 
quent tumor implant was more effective than subcutaneous immunization 
on the opposite side, or than intra-abdominal immunization. With a 
14- to 18-day interval, the effectiveness of subcutaneous immunization 
was essentially equal on the two sides, but was less than the effectiveness 
of intra-abdominal immunization, which had increased greatly as com- 
pared with the shorter interval and which gave better results than any of 
the other combinations. 

7) Acomparison of the effectiveness of embryo and thymus as immuniz- 
ing tissues revealed no significant difference between the two. However, 
reports in the literature and limited data of our own agree in indicating 
that peak immunity appears earlier with thymus. 
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Cancer of the Bladder and Infestation 
with Schistosoma hematobium ' 


Piero Mustaccat? and B. S#IMKIN, 
Biometry Branch, National Cancer Institute, Bethesda, 
Maryland 


The information that forms the basis of this report was collected for the 
purpose of evaluating the validity of the association between infestation 
with Schistosoma hematobium and bladder cancer in human populations. 

The hypothesis that schistosomal infestation predisposes to cancer of 
the urinary bladder was formulated by Ferguson (1) in 1911. His data, 
derived from autopsy material of the Egyptian Government School of 
Medicine in Cairo, disclosed infestation with S. hematobium in 29 of 39 
males who had malignant bladder neoplasms. Ferguson reported that in 
600 autopsies on males over 5 years of age, and presumably without cancer 
of the bladder, 40 percent had schistosomal infestation. However, upon 
more careful search by means of tissue digestion in sodium hydroxide, 
schistosomal ova were demonstrated in 38 of 50 males autopsied; it is not 
clear whether these cases were drawn from the 600 autopsies or constituted 
a different series. If the bladder-cancer patients were comparable with 
the 600 autopsies, there would be a strong positive correlation between 
schistosomiasis and bladder cancer. In the latter 50 patients, however, 
the relative frequency of schistosomiasis was the same as in the 39 bladder- 
cancer cases. 

Clinicians in Egypt apparently have accepted an etiologic relationship 
between schistosomiasis and bladder cancer. Ibrahim (2) writes as follows: 
“There is little doubt that Bilharzia is a very potent cause of bladder 
cancer. The points in favor of this statement are: 1) It is the most common 
cancer among the class commonly infected with Bilharzia. 2) The geo- 
graphic distribution of cancer is more or less the same as bilharziasis. 3) A 
history of Bilharzia is almost always positive. The average duration of 
bilharzial infection before cancer is about 12 years... .4) Cancer cells 
and Bilharzia ova are associated in a very intimate manner... .” 
Makar (3), in a summary of the subject, tabulates the relative frequency 
of 6 sites of cancer in 3,872 patients seen at the Fouad I and Kasr el-Aini 
hospitals: cancer of the tongue, stomach, colon and rectum, breast and 
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uterus accounted for 2,186 cases, whereas bladder was represented by 
1,696, or 43 percent of the cases. In contrast, among 288 patients with 
these neoplastic conditions admitted to the Italian and Greek hospitals, 
only 16, or 6 percent, had vesical cancer. 

Reports from South Central Africa and the West Coast of Africa, however, 
have questioned the role of schistosomiasis in bladder cancer. Gelfand (4) 
has reviewed these data and concluded that the occurrence of bladder 
cancer in Europe and America is more frequent, on the whole, than in 
Africa, and that in the European in Africa, bladder cancer would appear to 
be more common than in the African, including areas where schistosomiasis 
is purported to be more prevalent. 

It should be pointed out that these statements, from Egypt as well as 
from other areas of Africa, are based on the relative frequency of bladder 
cancer in autopsy or biopsy series, or among hospital admissions, in which 
the age and sex distributions are seldom indicated. The pitfalls of deriving 
and comparing relative frequencies in undefined groups as measures of 
risk by now should be rather well known. Ina more recent report from the 
Gold Coast, Edington (5) concludes that “. . . no evidence has been 
produced to incriminate schistosomiasis as an etiological agent in the 
production of carcinoma of the bladder.” In his tabulations, to which 
further reference will be made later, the age and sex groupings are indi- 
cated. The report dispels the previously held contention that carcinoma 
is relatively infrequent among the African natives. 

If the differences between the Egyptian and the West and South 
African experiences are real, however, they are of great interest as perhaps 
indicating differences in the biologic response of populations, or in the 
nature of the parasite. 

In 1956, an opportunity arose to make some personal observations and 
to contact more directly experts in this subject, in Egypt and in Ghana. 
The proposed epidemiologic survey was interrupted by international 
events. The incomplete data that were gathered are being presented in 
the hope that they may stimulate a more concerted attention on this 
important problem. 

We are greatly indebted and wish to express our gratitude to the many 
individuals who extended to us their interest and cooperation. The Naval 
Medical Research Unit 3 in Cairo acted as a sponsor of the contacts in 
Egypt and it is a pleasure to acknowledge the extensive assistance of the 
commanding officer, Capt. C. B. Galloway, M.C., U.'S.N. Dr. Paul 
Jamieson and Dr. Emile Sayegh permitted access to hospital records at 
the American Mission Hospital at Tanta, Egypt. Dr. Eustace Akwei, 
Chief Medical Officer of the Ministry of Public Health in Accra, assisted 
in the contacts in Ghana, and Dr. G. M. Edington, Dr. F. C. Harris, and 
Mr. C. Bowesman allowed the examination of medical records and manu- 
scripts in Accra and in Kumasi. 


Materials and Methods 


- Abstracts were made of medical records at the American Mission Hospital 
in Tanta, some 55 miles north of Cairo. This hospital derives its patients 
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from both urban and rural neighboring areas, and averages some 3,000 
hospital admissions per year. The United States definition of urban and 
rural does not have an exact counterpart in Egypt, the division being 
recognized on the basis of whether the main economy of the area is indus- 
trial or agricultural. It should be pointed out that outside the large, 
frankly urban areas, practically everyone in the Nile Delta lives in 
villages and works on the land where exposure to infestation is almost 
universal. 

All admissions to the hospital had routine examinations of the urine, 
including search for ova of Schistosoma hematobium. The surgical service 
is very active; a large proportion of patients admitted for complaints 
referable to the urinary tract undergoes a complete genitourinary exam- 
ination, and almost without exception the bladder is examined through a 
cystoscope. 

The records of the first 1,500 patients newly admitted from January 1, 
1955, were personally examined and abstracted. The following items 
were abstracted from the case records: identifying hospital admission 
number; age, sex, residence, religion, occupation, leading complaint at 
admission, history of previous urinary schistosomiasis, and whether it 
was treated; presence of ova in the first routine centrifuged urinary speci- 
men or in subsequent urines or stools; presence of other manifestations or 
sequelae of S. hematobium infestation as detected by cystoscopy or radi- 
ography; and finally the discharge diagnosis. 

Of the 1,500 records, only 28 could not be used because they belonged 
either to patients who signed themselves out before even a history could 
be taken, or to newborns who were occasionally assigned record numbers 
separate from their mothers. Of patients having urinary complaints, 
only 4 males and 2 females had not been cystoscoped. 

A pathologist’s report confirming the neoplastic nature of the bladder 
lesion was included in the patient’s chart in approximately half of the 
cases. The actual proportion of microscopically confirmed cases was 
considerably higher, in view of the fact that not all the pathology reports 
were incorporated in the charts at the time the present survey was made. 
Biopsy was not available on some of the more advanced cases with meta- 
static manifestations. It is believed that the possible overstatement of 
the diagnoses was not significant. The histologic diagnoses were estab- 
lished at the U. S. Naval Research Unit No. 3, at Cairo, from where an 
earlier series of bladder neoplasms was reported (6). 


* Observations in Egypt 

A distribution of the material studied by age at admission, sex, residence, 
and the presence of schistosomiasis and of bladder cancer is presented in 
tables 1 through 4. In tables 1 and 2 the data regarding schistosomal 
infestation are based on the findings of ova of S. hematobium in the first 
recorded urinalysis. In tables 3 and 4, the definition of infestation is 
extended to include the presence of ova in any urinary or fecal specimen, 
and of tissue changes characteristic of infestation as evidenced by radiologic 
or endoscopic methods. 
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It is commonly held in Egypt that approximately two thirds of the 
native population contract schistosomiasis at some time during their life. 
Estimates of infestation at any one time, however, range from 10 to 35 
percent, according to some of the leading Egyptian urologists and 
pathologists. Dimmette e¢ al., in a survey of an Egyptian village, found 
38.2 percent of the males and 25.4 percent of the females infested with 
S. hematobium (7). 

In the patients admitted to the Tanta hospital, tables 1 and 2 show that 
11 percent of the males and 3 percent of the females had ova in the first 
urinary sample. Tables 3 and 4 show that when all evidence of schisto- 
somal infestation is considered, the frequencies are 35 percent for the males 
and 9 percent for the females, or approximately a threefold increase in 
each case. Evidence of schistosomal infestation was elicited in 39 percent 
of the rural males and in 23 percent of the urban males. The prevalence 
of infestation appears to be distributed fairly evenly by age group, with 
the males between 25 and 34 and females between 15 and 24 being the 
modal groups. 

A crude analysis of the data indicates some degree of association between 
schistosomal infestation and bladder cancer. When no account is taken 
of the differences in age, sex, and urban-rural composition of the infested 
and the noninfested cases, the apparent relative risk of bladder cancer for 
persons with schistosomiasis is 1.9 when results are based on the first 
urinary examination and 2.9 when based on any evidence of infestation. 
These are changed, respectively, to 2.2 and 2.5 when adjustment is made 
for the differing age and sex composition of the groups. When adjustment 
is made further for differences in urban-rural composition as well, the 
relative risk figures are changed to 2.1 and 2.2, respectively. 

Chi-square tests were made of the statistical significance of the observed 
association between schistosomiasis and bladder cancer. For data based 
on the first urinary examination, chi square is 3.43, P = 0.03 when adjust- 
ment is made for differences in age and sex composition only; when 
adjustment is made further for differences in urban-rural composition, 
chi square = 3.02, P = 0.04. (All chi squares shown are with 1 degree 
of freedom and are corrected for continuity; significance tests made are 
one-sided in the distribution of chi.) For data based on any evidence of 
schistosomiasis, chi square = 11.32, P = 0.0004 when age and sex ad- 
justments only are made and are changed to chi square = 8.20, P = 0.002 
when urban-rural adjustments are made in addition. 

More detailed examination of the findings revealed no significant 
associations in the data for females, this being primarily due to the small 
number of patients with cancer of the bladder. In the over-all analysis, 
the data for females served to weaken the association when the first urine 
examination data are considered and to strengthen it for data based on 
any evidence of schistosomiasis. The significance of the results found 
thus rests primarily on the data for males. 

Following age adjustment, the first urine examination data for males 
yields a chi square of 3.99, P = 0.02 when urban and rural differences are 
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ignored; following adjustment for urban-rural composition chi square 
= 3.50, P = 0.03. For these data the observed association stems pri- 
marily from the data for urban males. The corresponding results for 
data for males based on any schistosomiasis evidence are: chi square 
= 9.11, P = 0.001 when age adjustment is made also for urban-rural 
composition. In contrast to the results from the first urine examination, 


the observed association here stems primarily from the data for rural 
males, there being no significant association for urban males.* 

Table 5 lists all malignant neoplasms diagnosed in the hospital popula- 
tion of 1,482 patients of the age and sex distribution already given in 


TasnLE 5.—Distribution by age, sex, residence, and site of 107 malignant neoplasms 


encountered in 1,472 successive patients at the American Mission Hospital, Tanta, 


Egypt, 1956 


Age 


MALES 


FEMALES 


Urban 


Rural 


Kidney 


Retroperitoneal 
sarcoma 


Bladder 


Osteogenic sarcoma 


Kidney 
Bladder (3) 


Basal cell, skin 
Hodgkin’s disease 
Stomach 
Pancreas 

Bladder (8) 


Kidney (2) 
Bladder 
Breast 


Retroperitoneal 
sarcoma 
Breast 


Lung, metastatic 
Lymphosarcoma 
Bladder (2) 


Rectosigmoid 

Lung, metastatic 

2) 


Colon 
Bladder (8) 


Breast 
Bladder 


Thyroid 
Breast (3) 
Bladder (2) 


Rectosigmoid 
Basal cell, skin 
Kidney 
Prostate 


Brain 
Liposarcoma 
Lymphosarcoma 
Prostate 
Stomach 
Bladder (14) 


Kidney 
Stomach 


Metastatic 
adenocarcinoma 
Bladder 


Pancreas 
Prostate 

Lung, metastatic 
Bladder 


Pancreas 
Colon (3) 
Anus 
Bladder (8) 


Stomach 
Bladder 


Esophagus 
Stomach 
Bladder 


Bladder (3) 


Thyroid 


Lung 
Stomach 


TOTAL 


All tumors 
Bladder 


No. Percent 
82 (100) 
48 ( 59) 


Percent 
(100) 
( 28) 


* We are indebted to Mr. Nathan Mantel for the statistical analyses. 
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tables 1 through 4. It is striking that over half of the 107 neoplastic 
disease patients had cancer of bladder. 

On the basis of relative frequencies in the neoplastic groups, the male- 
female bladder-cancer ratio is approximately 2 to 1, whereas in the total 
hospital population the male-female ratio is over 3 to 1. This is in part 
due to the lower proportion of neoplasms, other than those of the bladder, 
among the females as compared with the occurrence among the males. 

Additional information on the association of schistosomiasis and bladder 
cancer was derived from the results of a survey of an Egyptian village, 
published by Dimmette et al. (7). In this survey, the urinary sediment 
was examined for cellular changes as well as for the presence of schistosoma 
ova. However, inhabitants who showed cellular elements suspicious of 
malignant tumor had additional urinary examinations, which, of course, 
increased the likelihood of positive diagnosis of schistosomiasis as com- 
pared with the presumably normal individuals. 

The data are presented in table 6. There is a progressively larger pro- 
portion of cases with schistosomal ova in the urine as one progresses from 
squamous metaplasia to carcinoma. Conversely, among individuals who 
had ova in the urine, 16.6 percent had cellular abnormalities, against 3.7 
percent among cases without such evidence of infestation. 


TaBLE 6.—Occurrence of 8. hematobium ova and cellular changes in urinary sediment, 
Qaranfil, Egypt (data rearranged from Dimmette et al. (7)] 


Cases by changes in urinary cell sediment 


Cases by presence of Total 
ova in urine Squamous 
metaplasia 


Benign and 
undetermined 
tumors 


Cancer 


Total cases, number 91 22 8 
percent (100) (100) (100) 

Ova present, number 493 59 16 7 
percent a ; (64. 8) (72. 7) (87. 5) 

Ova absent, number 32 6 1 
percent ‘ : (35. 2) (27. 3) (12. 5) 


*Excludes 4 cases of senile keratoses in noninfested women. 
Observations in Ghana 


Edington (5) has reported on the occurrence of neoplastic disease in 
4,395 autopsies in the Gold Coast, and his data on males over the age of 
15 are abstracted in table 7. He states that schistosomal ova were found 
in 71 percent of autopsies on bladder-cancer cases. Although he does not 
report specifically on the frequency of schistosomal infestation in the 
autopsy series as a whole, the impression gained is that it was nowhere 
as high as in the bladder-cancer group. 

Information regarding the prevalence of schistosomiasis in Ghana was 
obtained from Dr. Edington. Of 2,106 patients of all ages admitted to 
the Gold Coast Hospital in Accra in 1955, 1.4 percent were found to be 
infested. Further north, the Kumasi Central Hospital derives its pa- 
tients mostly from nonurbanized areas, and the proportion of infestation 


Journal of the National Caneer Institute 


| 


= 


VESICAL CANCER AND S. hematobium 


TaBLeE 7.—Occurrence of bladder cancer in males at autopsy 
in the Gold Coast [data from Edington (5)] 


Bladder 
cancer* 
(no.) 


Age Autopsies | Neoplasms 


16-25 
26-35 
36-45 
46-55 
Over 55 


Total 13 


*Age distribution obtained as personal communication from Dr. Edington. 


is higher: in 1955, 6 percent of 3,804 patients and, in 1956, 4.8 percent of 
4.231 patients were found to be infested. 

The distribution and relative frequency of bladder cancer and cancer 
of other sites at these two hospitals in Ghana are given in table 8. If the 
populations were at all comparable as to age distribution, and if the deter- 
minations of infestation with schistosoma are reasonably correct, there 
would be rather good direct relationship between the parasitic infesta- 
tion and the relative frequency of bladder cancer. 

It may be of interest to indicate at this point the relative mortality 
from bladder cancer in the white male population of the United States, 
in 1950. Of the 731,366 deaths from all causes, 98,799 were due to 
neoplasms and, of these, 4,102 were of the bladder. Bladder cancer thus 
accounted for 4 percent of all deaths from neoplasms. However, in the 
United States, 70 percent of all deaths were in males over 55 years of age; 
90 percent of the bladder-cancer deaths occurred over that age. In the 
Gold Coast, males over 55 years of age represented 10 percent of the 
autopsy series recorded by Edington. If the United States deaths were 
adjusted to the age distribution for the Gold Coast series, bladder cancer 
would account for 2 percent of the deaths from neoplasms. 

As contrasted with the American and Western European experience, 
the frequent diagnosis of bladder cancer in the younger age groups of both 
Egyptians and Ghanians remains a striking observation even when the 
differences in age composition of the populations are taken into consider- 
ation. This shift in the age distribution of bladder cancer can be ac- 
cepted as circumstantial evidence of the presence of an environmental 
carcinogenic situation to which the European population is not exposed. 

One important feature of difference between the Gold Coast and Egypt 
as it affects schistosomiasis is created by the different agricultural patterns 
of the two regions. Egyptian crops require frequent irrigation, and the 
Egyptian farmer is constantly exposed to reinfestation. In the Gold 
Coast, schistosomiasis is essentially a prepubertal disease, and a relatively 
small proportion of the population is infested to the extent found in 
Egypt. This dose-response relationship may also be the major reason 
for the greater occurrence of bladder cancer among males than among 
females in both regions. 
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Discussion 


The evidence available from Egypt and from the Gold Coast is certainly 
suggestive that the infestation with Schistosoma hematobium is related to 
the increased occurrence of cancer of the urinary bladder. Conversely, 
however, the evidence from Egypt and from the Gold Coast, particularly, 
is not definitive. Better designed epidemiological surveys than are at 
present recorded are needed. 

Short of a prospective investigation in which defined populations in both 
regions are followed, important information could be obtained by further 
retrospective studies on hospital and on autopsy series. For the latter, 
it would be useful to quantitate the extent of schistosomal infestation 
in autopsies of bladder cancer and of deaths from other causes, perhaps 
by the Ferguson method of digesting a weighed amount of vesical and of 
pelvic muscle tissue in sodium hydroxide and counting the number of 
schistosomal ova. It seems evident from this and previous reports 
that the division of the study populations into only two classes, schisto- 
somiasis positive and schistosomiasis negative, is too inaccurate and does 
not provide the undoubtedly important information on the effect of the 
total extent or dose of the infestation. 

The computation of relative risks derived from tables 1 through 4 are 
biased downward by a “dilution” effect. Persons classified in these 
tables as showing no evidence of infestation probably include persons who 
have been infested in the past. If it were possible to restrict the column 
“no evidence of infestation” to those persons who, in fact, were never in- 
fested, the estimate of relative risk would be higher if the hypothesis of 
such association is true. 

Experimental studies on the possible carcinogenic effects of Schistosoma 
hematobium are also needed. As long ago as 1920, Fairley (8) described 
that African sooty monkeys infested with schistosoma developed papillo- 
matous hyperplasia of the vesical wall within 3 months. Edwards and 
McCullough (9) claimed that a carcinoma of the bladder was produced 
in a baboon kiVed 26 weeks following infestation with S. hematobium. 
The subcutaneous introduction of lyophilized schistosomal ova and 
cercaria, however, produced no tumors in mice (10). It would, of course, 
strengthen the thesis that S. hematobium is a carcinogen for the bladder if 
this could be reproduced regularly under experimental conditions. 

We believe that it is premature to ponder whether the relationship 
between schistosomiasis and bladder cancer is directly causal, or whether 
it may exteriorize or potentiate still other carcinogens. We would like 
merely to urge additional epidemiological and experimental work on this 
intriguing and important problem. 


Summary 


Observations at Tanta, Egypt, and at Accra and Kumasi, Ghana (West 
Africa) are consistent with the hypothesis that infestation with Schistosoma 
hematobium is associated with cancer of the urinary bladder. Additional 
data are needed to clarify this association. 
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We urge more carefully designed epidemiologic surveys incorporating 
a quantitative measure of schistosomal infestation, and an expansion of 
experimental investigations. 
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Quantitative Studies on Rous Sarcoma 
Virus. II. Mechanism of Resistance of 
Chick Embryos to Chorio-allantoic 
Inoculation of Rous Sarcoma Virus ' 


M. Prince,”"* Department of Pathology, Yale 
University School of Medicine, New Haven, Connecticut 


In the previous paper of this series, the characteristics of the bioassay 
of Rous sarcoma virus (RSV) on the chorio-allantoic membrane (CAM) 
of several strains of chick embryo were described (1). It was shown that 
strains varied widely in the proportion of embryos responding to inocula- 
tion of large doses of virus. Even with the most favorable strain examined, 
approximately 1 out of 10 inoculated embryos failed to react. This 
heterogeneity provided the major disadvantage of this method of bioassay. 

The present study was undertaken to determine the source of this varia- 
tion, in the hope that an understanding of its mechanism might lead to a 
practical means for its elimination. 

Two hypotheses were considered. The first, which has been proposed 
as a source of variation in response of chick embryos to virus inoculation 
by Keogh (2), would account for resistant embryos on the basis of anti- 
body acquired from the maternal circulation. This hypothesis was not 
without foundation in the present instance. Rous neutralizing antibody 
is present in the serum of many adult chickens (3, 4). Evidence for a 
relationship between this antibody and infection by lymphomatosis virus 
has been presented (4, 5). It is known that maternal antibody is trans- 
mitted transovarially via the yolk (6-8), and that antibody present in 
yolk may be transmitted to the embryo from the 8th day of incubation 
onward (7-9). The necessary conditions for the operation of such a 
mechanism were therefore present. 

An alternative hypothesis would account for heterogeneity on a genetic 
basis. The evidence to be presented will demonstrate the second hy- 
pothesis to be correct, and will present preliminary evidence for a mech- 
anism for the transmission of this trait. 


Materials and Methods 


Virus stocks.—Stable standard stocks of virus from chicken tumor #1 


were prepared by extraction of tumors grown in Pure Hope strain White 

1 Received for publication November 25, 1957. 

2 Fellow of the American Cancer Society, Inc., 1955-57. 

5 The author wishes to acknowledge the generous contribution of Dr. Arne Nordskog, through whose kindness 
the Fayoumi strain embryos, and the genetic crosses, were made available; and who suggested the genetic mecha- 
nism postulated in this paper. 
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Leghorn chickens. The detailed method for preparation of these extracts 
has been previously described (1). All virus materials were stored in 
sealed glass ampoules at —70° C. in a dry-ice cabinet. 

Chick embryos.—White Leghorn embryos were obtained from a local 
breeder, from a flock annually renewed from the Pure Hope line main- 
tained by Mt. Hope Farms, Williamstown, Massachusetts. The White 
Leghorns utilized in cross-breeding experiments, and the Fayoumi strain 
of Egyptian chickens utilized in these experiments were obtained through 
the kindness of Dr. Arne Nordskog, Department of Poultry Husbandry, 
Iowa State College, Ames, Iowa. The matings tested in these experi- 
ments were prepared by Dr. Nordskog. 

All embryos were incubated at 37 to 38° C. in humidified commercial 
egg incubators. 

Inoculation technique-—Embryos were inoculated by aspiration of 0.1 
ml. inoculum onto the chorio-allantoic membrane of the 12-day embryo. 
The methods employed have been described in detail (1). 

Preparation of extracts for neutralization studies——All sera tested for 
neutralizing activity were inactivated at 56° C. for 30 minutes prior to 
use. Membrane extracts were prepared by grinding washed membranes 
in 4 volumes of a phosphate-buffered balanced salt solution, modified 
glucosol, described by Fulton and Armitage (10). A motor-driven, 
Potter-Elvehjem-type Teflon homogenizer was employed for homogeniza- 
tion, the grinding tube being held in an ice-water bath. The homogenate 
was centrifuged for 20 minutes at 2,000 X g prior to use. Supernates 
were inactivated at 56° C. for 30 minutes and either used immediately or 
stored at —35° C. prior to use. Neutralizing substances in yolk were 
prepared by centrifugation of yolk at 4,000 < g for 30 minutes, followed 
by 1:10 dilution of supernate in modified glucosol. 

Neutralization test—Stable RSV preparations were diluted to contain 
approximately 200 pock-forming units. Equal volumes of diluted virus 
and material to be assayed for neutralizing ability were then mixed and 
incubated for 30 minutes at 37° C. in a water bath. Incubated neutral- 
ization mixtures were held at 0° C. prior to inoculation, and were usually 
inoculated within 3 hours after completion of the 37° C. incubation. Ten 
membranes were inoculated with each mixture, and were harvested and 
counted after 7 days’ incubation at 37 to 38° C., as previously described 
(1). The neutralization index was calculated by subtraction of the 
average log p.f.u. per ml. of the neutralization mixture from the average 
log p.f.u. per ml. of a control mixture. The titers were estimated by 
averaging the logarithms of individual pock counts, since pock counts 
have been found to be log-normally distributed over the usual countable 
range (1). 

Undiluted serum could be used in this test since it had been found 
that neutralizing substances of the type employed in these studies did not 
inhibit the development of pocks due to surviving virus particles; 1.¢., 
serum added after the completion of virus adsorption (4 hours) did not 
lower the number of pocks (11). 
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Unpublished studies have revealed that the neutralization index, as 
determined in the above test, is linearly related to serum dilution up to 
neutralization indices of 2 or 3. As the slope of the neutralization curve 
(neutralization index plotted vs. serum dilution) was found to vary in 
different sera, the neutralization index, as employed in these studies, is 
to be considered only as an estimate of neutralizing activity, rather than 
concentration of antibody, or other neutralizing substances. 

It has been previously demonstrated that the CAM method of assay, 
with the strain of embryo employed in these studies, has an average 
accuracy of +0.3 log p.f.u. (95% confidence interval) when 10 eggs are 
inoculated (1). Individual neutralization indices may therefore be 
expected to be accurate within +0.42 log p.f.u. at the 95 percent level. 


Experimental 


Previous studies had revealed the Pure Hope White Leghorn and the 
Fayoumi line to be, respectively, the most sensitive and the most resistant 
strains of those studied for sensitivity to CAM inoculation of Rous 
sarcoma virus. It seemed, therefore, that these strains would provide 
optimal material for a test of the alternate hypotheses that had been 
raised to explain the difference in this susceptibility. 

If maternal antibody were to underlie the high degree of resistance 
observed in the eggs from the Fayoumi strain, a high titer of Rous 
neutralizing antibody would be expected in the majority of birds from 
this line; conversely, a low titer of antibody would be expected in the 
majority of birds from the White Leghorn strain. These expectations 
were tested by examination of sera from adult birds of the two strains. 
Text-figure 1 summarizes the findings from these experiments. 


White Leghorns 


00 Of O8 12  16>1B 22.0 


NEUTRALIZATION INDEX 


TEXt-FIGURE 1.—Distribution of Rous neutralizing antibody in sera of adult White 
Leghorn and Fayoumi chickens. 
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It will be noted that the distribution of high neutralizing activity 
correlates with sensitivity rather than resistance to CAM infection. This 
finding rendered unlikely an immune basis for the resistance of the Fayoumi 
strain. It did not, however, rule out the possibility that such a mechanism 
might be operative where 10 percent of the White Leghorn embryos fail 
to react to RSV inoculation on the CAM. A more detailed analysis of 
the Leghorn strain was therefore undertaken. Text-figure 2 summarizes 
an experiment in which the distribution of heat-stable Rous neutralizing 
substances in yolks and CAM’s was investigated. 


NEUTRALIZATION INDEX 


.OF 
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Text-FiGuRE 2.—Distribution of heat-stable Rous neutralizing substances in yolk 
and CAM of 12-day White Leghorn embryos. 


Neutralizing activity was detected in 1 out of 3 yolk supernatants 
examined. However, extracts of CAM failed, in all cases examined, to 
neutralize RSV. However, as the proportion of resistant embryos 
averages only approximately 10 percent, it would be necessary to examine 
a prohibitive number of CAM extracts in order to define the presence or 
absence of a clear correlation. It was therefore decided to examine 
directly the CAM’s of embryos resisting RSV inoculation. 

Embryos were inoculated with an average of 1,000 p.f.u. Seven days 
after inoculation, membranes were harvested and examined. Seven 
membranes showing no pocks, and an equal number showing more than 
500 pocks, were then extracted and tested for Rous neutralizing activity 
after inactivation for 30 minutes at 56°C. Text-figure 3 summarizes the 
result of such an experiment. 

It will be noted that in contrast to the previous experiments, both 
groups of extracts appear to contain neutralizing activity. The levels of 
neutralizing activity are low, and in the case of any individual membrane 
not very significantly greater than zero. However, the average of both 
groups is significantly greater than zero. The difference between these 
results and those of the previous experiment can probably be attributed 
to the difference in the ages of the two sets of embryos. It has been shown 
that antibody present in yolk is released into the circulation in greater 
amounts with increasing age of embryo (9). 

Of particular interest is the lack of a significant difference between 
the “sensitive” and the “resistant”? membranes. This finding suggests 
strongly that humoral factors do not underlie the resistance of the non- 
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reacting White Leghorn embryos, as was suggested by the above experi- 
ments with Fayoumi embryos. 

A more direct test of the genetic hypothesis was made possible by the 
fact that breeding experiments involving White Leghorn and Fayoumi 
birds were in progress in the Department of Poultry Husbandry, Iowa 
State College of Agriculture. Fertile eggs from parental White Leghorn, 
Fayoumi strains, and from reciprocal crosses between these strains, were 
made available by Dr. Arne Nordskog of that department. 

A total of 389 12-day-old embryonated eggs, approximately equally 
distributed between the parental and the 2 reciprocal crosses, were in- 
oculated with an average of 2,000 pock-forming units of Rous sarcoma 
virus stock. The titer of the stock employed was estimated by titration 
in Pure Hope strain White Leghorn embryos in the standard manner. 
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TextT-FIGURE 3.—Distribution of heat-stable neutralizing activity in extracts of 
19-day chorio-allantoic membranes from the White Leghorn strain. Each point 
represents the neutralizing activity of a single extracted CAM. The membrane 
designated “resistant”? failed to respond to an inoculum of 1,000 p.f.u. of RSV. 
“Sensitive”? membranes responded with more than 500 pocks. All extracts were 
inactivated at 56° C. for 30 minutes. Extracts of infected membranes did not 

contain infectious RSV after inactivation. 


After 7 days’ incubation, the membranes were harvested and scored into 
5 groups: “Nonreactors,’” in which no pocks were detected; mem- 
branes having 1 to 100; 100 to 500; 500 to 1,000; and an estimated 1,000 
pocks per membrane. These estimates could be made by visual inspection 
with reasonable accuracy because of considerable past experience with 
dose-response experiménts on the CAM. The high dosage chosen for the 
inoculum in these experiments was employed because it was particularly 
desired to follow the transmission of the hypothetical ‘“nonreactor” 
trait, and it was therefore desirable to ensure that the appearance of such 
membranes would be unlikely on a distributional basis. The results of 
this experiment are summarized in text-figure 4. In confirmation of 
previous experiments (1), the majority of the Fayoumi strain embryos 
failed to react to the inoculum employed. The White Leghorn strain 
utilized in this experiment was similar in its response to the Pure Hope 
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White Leghorn do” x Fayoumi 99 
50 


Fayoumi White Leghorn 29 


PERCENT OF MEMBRANES 


None 1-100 100- 500- >1000 
500 . 1000 


NUMBER OF POCKS 


Text-FIGURE 4.—Response of White Leghorn, Fayoumi, and hybrid strains to CAM 
inoculation of Rous sarcoma virus. All eggs were inoculated with an average of 
2,000 p.f.u., as determined by assay on the Pure Hope White Leghorn strain embryo. 


line, routinely employed in this laboratory: 8.6 percent of the embryos 
failing to react. 

The reciprocal crosses both revealed an almost identical distribution 
of sensitivity to the inoculum, roughly intermediate between the two 
parental types. This identity of response indicates clearly that resistance 
to RSV inoculation is independent of humoral factors, as the latter could 
only be transmitted via the egg, i.e., by maternal inheritance. The 
identity between the reciprocal crosses, furthermore, suggests that the 
determinants for this trait are located on autosomal chromomes. The 
mechanism of inheritance is thus neither cytoplasmic nor ‘‘sex-linked.” 

The groups under study in this experiment may be considered as 
representative of freely interbreeding populations. These data may 
therefore be further analyzed by the methods of population genetics. 
Such an analysis is presented in the discussion. 


Discussion 


The above experiments appear to rule out conclusively the function of 
humoral neutralizing factors in the resistance of embryos to inoculation 
of Rous sarcoma virus by the chorio-allantoic route. The results sug- 
gested a genetic basis for the observed variability. 

It is indeed fortunate that “resistant”? embryos are not ascribable to 
humoral neutralizing factors, since the latter may be expected to increase 
with increasing age of the hens producing the eggs utilized for assay pur- 
poses (3). It may thus be anticipated that eggs obtained from a genetically 
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stable flock should reveal a relatively constant distribution of resistant 
embryos. 

As the data presented strongly suggested a genetic basis for embryo 
resistance, it was obviously of interest to eonsider the possible mechanisms 
involved. Such knowledge would allow a prediction of the feasibility, and 
time required, for selection experiments designed to obtain genetically 
homogeneous “sensitive” and “resistant” lines of embryos. Such strains 
would possess great usefulness for assay purposes, and for the study of a 
possible correlation between susceptibility to Rous sarcoma and lympho- 
matosis viruses. 

The breeding experiment involving the Fayoumi and White Leghorn 
strains may be analyzed using certain elementary considerations of 
population genetics, in order to arrive at a preliminary hypothesis for the 
genetic mechanism controlling the resistance trait. If it is assumed that 
random mating with respect to the set of genes involved occurred in this 
experiment, then the Hardy Weinberg rule (12) may be oppted to the 
analysis of the results obtained. 

Let s represent the resistance gene, and S the gene for susceptibility; 
and let the frequencies for the 2 genes be represented by p and g. Then 
the frequencies for the respective genotypes would be: p? = complete 
resistance (ss); 2 pg = incomplete or complete susceptibility (Ss); and 
q = susceptibility (SS). According to the Hardy Weinberg rule 
p+2pq+¢=1. Thus the hypothetical frequencies for the resistance 
and sensitivity genes can be determined in each strain. In the White 
Leghorn strain, complete resistance was observed in 8.6 percent of em- 
bryos. Thus p? = 0.086, p = 0.29, and g = 0.71. In the Fayoumi 
strain, p? = 0.74, p = 0.86, and g = 0.14. 

The above hypothesis can be tested in a very preliminary fashion by 
the analysis of the reciprocal-cross results. If the hypothesis is correct, 
and if the gene frequencies have been correctly estimated, the frequency 
of resistant embryos (ss) in the 2 crosses should be the product of the 
frequencies for the resistance gene in the 2 crosses. The predicted value 
is therefore 0.29 X 0.86 = 0.249. The observed values, in the 2 crosses, 
of 26.0 and 26.6 percent, agree remarkably well with these predictions. 

As these experiments did not allow an exact definition of intermediate 
degrees of resistance, it was not possible to determine whether incomplete 
dominance could account satisfactorily for the intermediate classes of 
resistance. It is possible that further study may necessitate the consider- 
ation of multiple factors (modifier genes and/or phenotypic factors) to 
explain intermediate degrees of resistance. 

It is hoped that single-pair mating experiments now in progress may 
provide definitive evidence in regard to the above hypothesis. 


Summary 


The present study was undertaken in order to determine the mechanism 
for the occurrence of embryos resisting chorio-allantoic inoculation of 
Rous sarcoma virus. It was found that the distribution of Rous 
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neutralizing substances in maternal sera, and in yolks and chorio-allantoic 
membranes, showed an inverse relationship to the distribution of sensi- 
tivity to virus inoculation in the two strains of embryo examined. For 
this reason, it was concluded that resistance was not related to the presence 
of humoral factors, and that the infection of the chorio-allantoic membrane 
was thus a topical one. 

Tests for the distribution of complete resistance to virus inoculation in 
reciprocal genetic crosses between highly resistant and highly sensitive 
strains revealed the resistance to be a genetic trait which was neither 
sex-linked nor transmitted by maternal inheritance. The available data 
were compatible with the hypothesis of control of this trait by a single 
pair of allelic genes, the allele for sensitivity being dominant to that for 
resistance. 

The applicability of this simple hypothesis to intermediate degrees of 
susceptibility could not be evaluated. The degree of variability among 
susceptible embryos suggested that incomplete dominance, or multiple 
factor inheritance, might have to be considered to account for intermediate 
degrees of resistance. 
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Transplantation of Homologous Ery- 
thropoietic Elements in Rats after Sub- 
lethal Doses of X Radiation * 


T. T. Jr., and B. C. Biology 
Division, Oak Ridge National Laboratory,? Oak Ridge, 


Tennessee 


Successful transplantation of homologous erythropoietic elements into 
rats that had received 700 or 750 r of X radiation has been reported 
(1,2). It has also been shown (3-5) that animals which have accepted a 
transplant of genetically foreign bone marrow after lethal irradiation will 
later accept transplants of other tissues from a donor genetically similar 
to the marrow donor. The induction of “tolerance” in this manner might 
permit replacement of diseased organs or tissues, provided that a method 
can be found to promote bone-marrow transplantation bétween genetically 
nonidentical animals without resorting to such drastic means as lethal, 
total-body irradiation. In these experiments, we studied the influence 
of the dose of radiation on the success and extent of marrow homotrans- 
plantation in the rat system that we had used previously. Permanent 
transplants of erythropoietic elements were seen in some rats after 300 
and 500 r of X rays. 


Experiments with C and D Strain Rats 
Graded Doses of X Radiation 


Rats of blood type D (6) were irradiated with 500, 300, 225, 150, and 
Orof X rays.’ Eighteen hours later they were injected with bone marrow 
from rats homozygous for C antigen on their erythrocytes. At various 
times thereafter, erythrocytes from the peripheral circulation of these 
animals were tested with antisera to determine their antigenic type. 
[For a more detailed description of the methods used, see Odell et al. (2).] 

The LD50/30-day dose of X radiation for these rats under the conditions 
used in these experiments is approximately 725 r. 

A total of 19 D rats, handled in 2 separate groups, received 500 r 
followed by an injection of C bone marrow. Of the 19 rats injected, 8 
had a few donor red cells in their peripheral circulation at 14 days; the C 
cells increased rapidly in 4 but disappeared completely within a few weeks 
in the others (text-fig. 1). One rat with a transplant survived for a 

' Received for publication December 2, 1957. 


? Operated by Union Carbide Nuclear Company for the U. 8. Atomic Energy Commission, 
' Two hundred fifty kvp.; 30 ma.; 3 mm. of Al filtration; HVL, 0.44 mm. of Cu; rate, about 60 r per minute. 


851 


Journal of the National Cancer Institute, Vol. 20, No. 4, April 1958 


; 
q 
3 
7 


852 ODELL AND CALDWELL 


year after treatment and, when last typed at 309 days, the donor-type 
red cells made up 80 percent of the circulating red-cell population. Among 
the 4 rats having good transplants, 2 died on the 69th day after marrow 
injection, 1 on the 93rd day, and the last on the 358th day. In the rats 
dying on the 69th day, death was attributed to pneumonia (no sections). 
Neither gross autopsy nor sections revealed the cause of death of the animal 
dying on the 93rd day; slight atrophy was apparent in the spleen, bone 
marrow, and liver. Among the 5 rats having “‘temporary transplants,” 
1 died on the 20th day from acute pneumonia, 3 were killed in healthy 
condition on the 233rd day, and the other died of chronic pneumonia on 
the 281st day. Among the 10 negative rats, 4 died during the first 
41 days, apparently from lung infection, 1 died on the 132nd day with 
cause unestablished, and the other 5 were killed in healthy condition. 
(Respiratory infection was very prevalent in our rat colony at the time 
some of these experiments were carried out.) Thus 4 of 19 rats exposed 


DONOR RBC (percent) 


98 "2 126 220 400 
TIME AFTER MARROW INJECTION (doys) 


TEextT-FIGURE 1.—Percentage of donor-type erythrocytes circulating in recipients 
after irradiation with 500 r, followed 18 hours later by injection of donor bone 
marrow. R = death from respiratory infection; NE = cause of death not estab- 
lished. (One rat was slightly positive at 14 days but negative thereafter.) 


to 500 r showed evidence of rapidly growing transplants, although only 
1 lived beyond 93 days (358 days); the others died, apparently, from 
respiratory infection or other unestablished cause, 69 to 93 days after 
treatment. 

A total of 20 D strain rats, handled in 2 separate groups, were irradiated 
with 300 r and injected with C bone marrow. Although there were more 
deaths from respiratory infection in the first group, the data on trans- 
plantation are pooled. Donor-type red cells were initially present in 
the peripheral circulation of 17 of the 20 rats, but they disappeared within 
a few weeks in 11 animals (text-fig. 2). The number of donor-type cells 
present in the other 6 rats increased rapidly until a permanent level of 
100 percent donor cells was attained in 3 of the 4 surviving animals and a 
level of 95 percent in the other. Among the 5 rats with good transplants, 
1 died on the 65th day after treatment, 1 on the 288th day, and a third 
on the 505th day; the other 2 are still alive. Seven of the 12 rats with 
“temporary transplants” died at scattered times 27 to 287 days after 


Journal of the National Cancer Institute 


8 1? -@ire 
100 
75 Va 
1 

| fy 

' 
25 
104 


MARROW TRANSPLANTATION AFTER SUBLETHAL X RADIATION 853 


treatment, most from respiratory infection. The 3 negative rats are 
still alive. Thus in a fourth of the rats that were irradiated with 300 r, 
the transplants increased during the first few weeks and a level of 100 
percent (or nearly that) circulating donor-type red cells was attained, 
except 1 that died of respiratory infection while the proportion of donor 
cells was still increasing. 

No lasting transplants of homologous bone marrow were observed 
after 150 or 225rofXrays. Four of 8 rats that received 225 r and homolo- 
gous bone marrow had a few donor cells in their circulation 2 weeks after 
treatment; these completely disappeared 3 to 8 weeks after marrow 
injection (table 1). After 150 r, 1 of 9 rats had a small number of donor 
cells that were present for 8 weeks and then disappeared. 

Among 19 unirradiated control animals injected with bone marrow, 
donor red blood cells were found for 4 weeks after treatment in 1 rat. 
In 2 others, antiserum against donor-type cells produced a few micro- 


DONOR RBC (per cent) 


(26 309 


42 56 7 84 98 12 
TIME AFTER MARROW INJECTION (days) 


TextT-FIGURE 2.—Percentage of donor-type erythrocytes circulating in recipients 
after irradiation with 300 r, followed 18 hours later by injection of donor bone 
marrow. Numbers over bar in lower part of graph designate the number of rats 
in which a small number of donor-type cells (1 to 15%) were in the circulation at 
the time specified. 


scopic clumps of cells in samples of pheripheral blood at 2 weeks after treat- 
ment only. The appearance of the clumps was atypical, and we are un- 
certain whether the latter represented true agglutination. 


Spleen Shielding 


The question has arisen whether the donor bone marrow in this system 
is truly antigenically unacceptable to the recipient. There are no natural 
isoagglutinins against either antigen, and the injection of either kind of cell 
into the other kind of rat has not stimulated the production of detectable 
antibodies in the serum (R. D. Owen, personal communication; the same 
result was obtained in our laboratory). It may be necessary only to 
provide a space and a need for the injected marrow; inhibition of the 
immune mechanism may not be a prerequisite. In order to test this, the 
following experiment was carried out. Eight D rats were irradiated with 
725 r of X rays over the whole body except that the body in the region of 
the spleen was shielded externally with a lead shield 5 mm. thick, which 
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reduced the dose to about 50 r. Bone marrow in this region of the body 
was also unavoidably shielded. Within an hour after irradiation, each rat 
was injected with marrow equivalent to approximately 2 femurs and 2 
tibias from C donors; this marrow was previously prepared and held in the 
refrigerator. As a control, the same procedure was followed, except that 
no shielding was used during irradiation. In the spleen-shielded group, 
3 of 8 rats had a very small number of foreign cells in their circulation 2 


TaBLE 1.—Presence of donor red blood cells in relation to dose of 
X radiation 


Days after treatment: 
‘ 
X-ray dose 14 21 28 42 56 78 
(r) 


No. rats positive for donor cells/total no. 
surviving 


0 3/19 1/19 0/19 
150 1/9 1/9 1/9 1/9 1/9 0/9 
225 4/8 4/7* 3/7 1/7 0/6T 
300 17/20 14/18 13/16 9/15 5/14 
500f 8/19 6/15 6/14 3/14 2/12 


*The percentage of donor-type cells rose to a peak of 33 percent in 1 rat of this 
group at 21 days, but the number of donor cells in all other rats in the 0 through 
225-r groups was too small to be determined on a percentage basis (<10%). 

tTransplant in the rat positive at 56 days regressed. Rat that died was one 
that had never been positive. 


tFor more complete information concerning the 300- and 500-r groups see text- 
figures 1 and 2, and text. 


weeks after treatment (possibly red cells injected with the bone marrow), 
but by 35 days no foreign cells were present. In contrast, the 5 rats 
(total of 10 rats in this group) in the unshielded control group that sur- 
vived the acute effects of irradiation‘ were positive for donor cells 2 weeks 
after treatment, and by 35 days 85 to 100 percent of their circulating red 
cells were of the foreign type. 


Experiments with Wistar and C Strain Rats 


In another experiment, bone marrow from a Wistar-derived strain of 
rats was injected into our C strain. Of 20 C rats irradiated with 700 r of 
X rays and injected 18 hours later with bone marrow from our line of 
Wistar rats (D antigen on red cells), 17 died within 30 days, a considerably 
greater mortality than observed following this amount of radiation alone 
and comparable to the results of Trentin (8) and of Gengozian and 
Makinodan (9), discussed later. In 14 of the 16 rats that lived long 
enough to be typed at 2 weeks after treatment, donor-type red blood cells 
were present in small numbers. 


4 It has been shown that bone-marrow injections alone do not afford as good protection from the lethal effects 
of irradiation in the rat as they do in the mouse (7). The early death of irradiated rats is probably caused by 
intestinal damage, since marrow-injected animals with a small part of the intestine shielded will survive. None 


of the spleen-shielded rats in our experiment died from acute radiation effects, probably because portions of the 
gut were also shielded. 
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Discussion 


In these experiments, the transplantation of bone marrow (at least red- 
cell-producing marrow) between genetically dissimilar rats after doses of 
radiation (300, 500 r) much lower than the LD50/30-day level (725 r) has 
been successful in 20 to 25 percent of the animals. Possible interpreta- 
tions are that these permanent transplants represent acquired tolerance 
by the recipient [for discussion, see Odell et al. (2)] or some other mech- 
anism such as immune paralysis (10). At lower doses of radiation (150, 
225 r), the majority of recipients showed no signs of a transplant, but in 
some animals, donor-type red cells were present in small numbers for as 
long as 56 days. Some of these red cells may have been injected with the 
bone marrow. This is quite plausible in the cases in which the cells were 
present for a short time. Perhaps, also, the lower doses of radiation 
briefly inhibited the immune mechanism in some animals sufficiently to 
allow the foreign tissue to start growing, but when the recipient’s re- 
activity recovered, the graft regressed. 

The ability of the immune system of an animal to recognize and reject 
foreign tissue (antigens) is genetically determined (11), and may depend 
on both the quality and the number of histocompatibility loci differenti- 
ating donor and recipient. Experiments of Trentin (4) involving injec- 
tions of isologous, homologous, or heterologous bone marrow into lethally 
X-irradiated mice showed that the degree and duration of protection 
afforded was affected by the closeness of genetic relation between donor 
and recipient. Uphoff’s experiments (12) suggested that the H-2 histo- 
compatibility genes are important in determining the success of bone- 
marrow transplantation in lethally irradiated mice. When mice of two 
different strains had the same gene at the H-2 locus, a marrow transplant 
from either parent to their irradiated F, hybrid afforded as good protec- 
tion as isologous marrow, but parental marrow was not so efficacious as 
isologous marrow when the parents were of different genotype at the H—2 
locus. Our experiments with the injection of marrow from Wistar rats 
into irradiated C rats (700 r) compared with the injection of marrow 
from C rats into irradiated D rats (700 r) also suggested an effect of 
degree of relationship on transplantability among different strains of rats, 
although nothing is known about actual histocompatibility genes in the 
rats. 

Other investigators, using different donor-recipient combinations, have 
found it necessary to give supralethal doses of radiation to obtain perma- 
nent marrow transplants (8,9). Not only were sublethal doses of radia- 
tion inadequate for conditioning the recipient for permanent marrow 
transplants but the combination of sublethal irradiation and marrow 
injection actually caused more deaths than the same dose of 1adiation by 
itself. In the homologous mouse experiments of Trentin and the rat- 
to-mouse experiments of Gengozian and Makinodan, there was 100 per- 
cent mortality within 21 days in animals given a dose of radiation slightly 
below the LD50/30-day level followed by an intravenous injection of 
homologous or heterologous bone marrow. Our results indicated the 
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existence of a similar situation when Wistar bone marrow was injected into 
C rats that had been given 700 r (LD50/30 days is about 725r). This was 
not the case, however, when the more closely related C and D strains were 
used as donor and recipient; permanent transplants were obtained at much 
lower doses of radiation. The rats are not highly inbred; for example, 
they segregate for coat color. On the other hand, they do have a com- 
mon ancestry; the original parents of both our C and D lines were litter- 
mate offspring of several pairs of parents that were heterozygous for C 
and D (CD); the latter were the product of a backcross of first-generation 
CD heterozygotes to an inbred parental line. It should be emphasized, 
therefore, that our present C and D lines carry gene subpopulations 
derived from the same source. Our donors and recipients are therefore 
more closely related to each other than the animals used in the experiments 
of Trentin and of Gengozian and Makinodan. 

A possible interpretation of our results is that the donor (C) and the 
recipient (D) tissues were not incompatible with each other and that the 
irradiation provided indirectly the stimulus for growth of the introduced 
tissue. Since irradiation does damage bone marrow, both the need and 
the space for the growth of introduced marrow were present; and, pre- 
sumably, homeostatic mechanisms for the promotion of marrow growth 
were at work in the host. Under this hypothesis, the subsequent disap- 
pearance of donor cells would be interpreted as a displacement by host 
cells. The spleen-shielding experiments described suggest, however, that 
the donor is antigenically foreign to the recipient, since the injected bone 
marrow successfully transplanted in whole-body irradiated rats but not 
in those whose immune system was partially protected by shielding of 
the spleen. This result does not entirely preclude the possibility that 
shielded hematopoietic tissue of the recipient has some preferential ad- 
vantage, other than its immunological acceptability, over the injected 
cells in the repopulation of the recipient’s own radiation-damaged marrow; 
the recipient tissue was, of course, continually present, whereas the donor 
tissue was introduced within an hour after irradiation. 

Experiments in which 1,4-dimethanesulfonoxybutane (Myleran®) was 
used (to be reported more fully elsewhere) also indicated an immunologic 
difference between C and D rats. Whereas marrow from Sprague-Dawley 
rats promoted recovery in 100 percent of Sprague-Dawley rats injected 
intravenously with a lethal dose of Myleran (13), 90 percent of a group 
of D strain rats injected with an equivalent amount of Myleran followed 
by marrow from C strain rats died, which suggests rejection of the marrow. 

An extension of the foregoing discussion relating the quality or quan- 
tity, or both, of histocompatibility-gene differences between donor and 
recipient to tissue transplantability offers a possible explanation of our 
observation of some permanent marrow transplants after relatively low 
doses of radiation. It seems likely in light of other work, including that 
of Uphoff, that there are no differences in “strong histocompatibility 
genes” between C and D rats but that the rats differ at one or several 
weaker histocompatibility loci (14). Transplants between unirradiated 
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animals are also affected by the relation of the individuals to each other. 
Barnes and Krohn (15) found that the survival time of skin grafts from 
either of 2 inbred parental strains of mice to their F; hybrids varied 
extensively, which indicates that individual genes have widely differing 
effects on the success of transplantation. Rogers (16) reported some skin- 
grafting experiments in man in which skin grafts between siblings were 
sloughed later than skin grafts between nonrelated persons; skin grafts 
between monozygotic twins were, of course, permanent. 

Whether any of the deaths of irradiated D rats that had received C 
bone marrow can be attributed to the “delayed bone-marrow reaction” 
(17) cannot be definitely determined from our data; a homograft reaction 
in rats following the injection of bone marrow has not so far been charac- 
terized. The time of death of 3 rats in the 500-r group suggests this 
reaction, but 2 of these rats appeared grossly to have died from pneumonia 
as did several rats without transplants; microscopic findings from the 
third rat neither established nor ruled out the possible existence of a 
mild foreign-bone-marrow reaction. There is less evidence for delayed 
bone-marrow death in the 300-r group, in which only 1 rat with a good 
transplant (out of 5) died before the 288th day. It may be that, under 
the circumstances of these experiments, all the animals escape from the 
delayed bone-marrow death, as do a percentage of the animals in rat-to- 
mouse and homologous mouse experiments. The reason for this escape 
is not known. 

These experiments indicate that, under certain circumstances, bone 
marrow can be successfully transplanted after irradiation well below the 
lethal level. The outcome of future experiments designed for examination 
of the relation of success of transplantation to degree of genetic relation- 
ship in systems that are better defined genetically will be of great interest. 
Present information emphasizes the importance of genetic similarity be- 
tween donor and recipient, possibly the function of common inheritance 
of certain histocompatibility genes (which may or may not also be deter- 
minants of blood type). 

Summary 


The success of bone-marrow transplantation between homologous rats 
after several different doses of X radiation was studied. Long-lasting 
and extensive transplants of donor marrow were observed in about a 
fourth of the rats that received 300 or 500 r of X rays (LD50/30 days, 
725 r). There were no permanent transplants in rats that received 225 
r or less, although a small number of the donor-type red cells were seen 
in the circulation for a few weeks in some animals. 
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Gordon Research Conferences 


The Gordon Research Conferences for 1958 will be held from June 9 to August 29 
at Colby Junior College, New London, N. H.; New Hampton School, New Hampton, 
N. H.; and Kimball Union Academy, Meriden, N. H. 

The Conferences were established to stimulate research in universities, research 
foundations, and industrial laboratories. This is achieved by informal meetings con- 
sisting of scheduled lectures and free-discussion groups. Meetings are held in the 
morning and evening, Monday through Friday, except for Friday evening. The 
afternoons are available for discussion groups. 

The purpose of the program is not to review the known fields but to bring experts 
up to date on the latest developments, analyze the significance of these developments, 
and to provoke suggestions on underlying theories and profitable methods of approach 
for making new progress. In order to protect individual rights and to promote discus- 
sion, it is an established rule of each Conference that all information presented is not 
to be used without specific authorization of the individual making the contribution, 
whether in formal presentation or in discussion. No publications are prepared as 
emanating from the Conferences. 

Requests for attendance at the Conferences, or for any additional information, 
should be addressed to W. George Parks, Director, Department of Chemistry, Univer- 
sity of Rhode Island, Kingston, R. I. From June 9 to August 29, 1958, mail should 
be addressed to Colby Junior College, New London, N. H. Each applicant must 
state the institution or company with which he is connected and the type of work in 
which he is most interested. Attendance at each Conference is limited to 100. 

The complete program of the Conferences was published in Science, February 28, 
1958. The following is an outline of the cancer program: 


H. G. Schlumberger, chairman Frederik B. Bang, vice-chairman 


August 25 
J. J. Biesele: Early Cytological Effects of Carcinogens 
Stanfield Rogers: Mechanism of Urethane-Induced Lung Carcinoma in Mice 
Wilhelm Hueper: Carcinogenic Studies on Water Soluble and Insoluble Macro- 
molecules 
S. C. Sommers: Pathological Evidence of Endocrine Imbalance in Cancer Patients 
J. Leighton: Mechanisms of Tumor Invasion as Seen in Tissue Culture 


August 26 

Alfred Gellhorn, chairman 

L. Kilham: Fibroma of Squirrels Transmitted by a Virus Immonologically Related 
to the Shope Rabbit Fibroma Virus 

R. C. Mellors: Fluorescent Antibody Study of Viruses in Experimental Neoplasms 

J. A. Reyniers: Germ-Free Animals and Cancer Research 

Abraham Goldin: Competitive Analogue-Metabolite Relationships in Cancer 
Chemotheraphy 

Julian J. Jaffe: The Chemotherapy of Neoplasms Using Azauracil and Azauridine 

J. F, Holland: Tumor Suppressive Activity in Tumor Ascites Fluid 
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August 27 
E. Zwilling: Differentiation of Early Chick Embryo Tissues Following Disaggrega- 
tion and Reaggregation 
D. McKay: Histochemistry of the Migrating Primordial Germ Cell 
G. Barry Pierce: Tissue, and Organogenesis in Mouse Teratomas 
H. S. Fleming: Organoid Growth of Transplants in the Eye 
W. F. Loomis: The Role of CO, Tension in Cell Differentiation (Hydra) 


August 28 
E. C. Hammond: Epidemiological Methods in Cancer Research 
Lalla Iverson: Incidence of Chorio-epithelioma in Southeast Asia 
J. Higginson: Cancer in the South African Bantu 
E. S. Wynne: Epidemiology of “Cancer Eye” in Cattle 
H. Innes: Divergent Susceptibilities of Animal Species to Different Types of Cancer 


August 29 
Henry Plaine, chairman 
A. E. Kehr: Genetic Tumors in Plants (Nicotiana) 
Madge T. Macklin: Heredity in Human Cancer 
F. Friedman and L. Burton: Etiology of Tumors in Drosophila 


Reprints Wanted on Endocrine-Cancer Relationships 


The Cancer Chemotherapy National Service Center is seeking reprints for a reference 
collection covering the broadest range of endocrine-cancer relationships, as well as 
basic endocrinology. In particular it needs clinical data on cancer patients treated 
with hormones, data on the biological activities of hormones, analogues and antagonistic 
substances, and data on the effects of hormones on animal tumors. Assay data on 
steroids would be especially welcome. Those wishing to assist, please send reprints 
to: Dr. D. Jane Taylor, Endocrinology Section, Cancer Chemotherapy National Serv- 
ice Center, National Institutes of Health, Bethesda, 14, Md. 
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The Journal of the National Cancer Institute is published monthly by the National 
Cancer Institute of the National Institutes of Health, Bethesda, Md. Twelve issues are 
published each year in two volumes, beginning with number 1 in July and January. The 
Journal publishes original observations and investigations in laboratory and clinical 
research in cancer. Manuscripts are considered for publication with the understanding 
that they have not been published previously. 

Publication is not limited to members of the National Cancer Institute or to those whose 
work is supported by Government funds. Manuscripts should be submitted to the Journal 
of the National Cancer Institute, National Cancer Institute, Bethesda 14, Md. 


Suggestions to Authors 


1. Submit an original and two carbon copies of the manuscript. Follow the style 
of a recent copy of the Journal, especially for illustrations, references, and tables. 
The latest edition of Webster’s International Dictionary is followed in matters of 
spelling, capitalization, punctuation, compounds, and hyphenation. Current medical 
dictionaries and Chemical Abstracts are usually followed for medical and chemical 
terms. Type material double spaced. 

2. In the by-line, include the name of the institution with which each author is 
connected. Official title or academic degree is optional. 

3. Begin each page with a new paragraph; i7.e., each page should contain one or 
more complete paragraphs, and no paragraph should carry over from one page to the 
next unless it is longer than a full page. Do not begin a new paragraph on a page 
carrying a run-over paragraph. This is a requirement of the Government Printing 
Office. 

4. Insert each footnote in the text immediately after the line in which it is mentioned. 

5. Type each table on a separate page, to be the page immediately following the 
paragraph in which the table is first mentioned. 

6. Graphs, charts, and drawings are printed in the text and referred to as text- 
figures. Legends for text-figures should be included in the text immediately following 
the paragraph in which the text-figure is first mentioned. A drawing three times the 
size of that desired for the final figure is preferable. The lettering should be uniform 
and of such size that in the reproduction it will be approximately the same size as 
that of the printed type used in the text. The original drawings reproduce best and 
are therefore preferable. If two additional copies (photostats, etc.) of each drawing 
are also submitted, review of the manuscript is expedited. 

7. Photographs are printed together at the end of each article, as plate pages. 
The maximum size for each printed plate page is 5% by 8 inches, and the photographs 
should be combined into as few plates as possible. Photographs should be submitted 
either in the exact size, or exactly double the size, of the final printed reproduction. 
Mount the photographs for each plate together on one piece of heavy cardboard. 
Number each photograph consecutively. Type the legends for each plate on a 
separate page. If, in addition, two unmounted duplicate prints of each photograph 
are also submitted, review of the manuscript will be expedited. Color transparencies 
should be accompanied by a set of black-and-white photographs. 


Published by the U. S. Department of Health, Education, and Welfare in accordance 
with section 220, title 44, U. S. Code 


Use of funds for printing this publication approved by the Director of the Bureau of 
the Budget, May 14, 1956 
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